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On our cover—A Stellara 
tor being constructed 
Allis-Chalmers Mfg Co, 
Milwaukee. The Stellara- 
tor’s function is to contain 
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of the conversation signified that a group directed by Dr 
Fermi had been successful in producing the world’s first 
controlled nuclear chain reaction. From an atomic pile 
containing six tons of uranium located on the floor of 

squash court under the west stands of Chicago’s Stagg 
Field, man had harnessed atomic energy. The first yield 
was 4 watt; now power yield is in megawatt 
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on the distance from 

Chicago and the whims 

of local slaughterhouses. 

But it was soon learned 

that butchered meat 

could be kept on ice 

for periods up to a 

month. The next step 

was to discover how to 

ship meat cold—an ice- 

box on wheels was the 

obvious answer. The 

first attempt to ship 

butchered beef was un- 

dertaken by George 

Hammond. He was im- 

pressed with the success 

a Detroit fish merchant aaa a 
was having with ice to Fredrick Remington’s sketch 
keep fish fresh. so he of the American cowboy 
tried the same technique with meat. Unfortunately, stor 
ing beef directly on the ice discolored the meat. If a re 
frigerator car was to be a success, cool air would have to 
be used instead. The first to solve the problem was J 
liffany who, in 1868, designed an insulated car which had 
bunkers and tanks for ice. Within a decade, trains were 
stopping three or four times enroute to New York replen 
ishing their ice loads. 

Using the refrigerated trains, Chicago butchers could 
pack in two cars the meat from three cars of livestock 
Another development: a few aggressive Chicago meat 
dealers such as Swift, Armour, Hammond and Cudahy be 


came so powerful by 1880 that they were able to wipe 
out or absorb the smaller slaughterhouses. It became 
cheaper for Eastern merchants to buy beef from Chicago 
butchers than from their local slaughterers. With the 
refrigerator car, the Chicago butchers could then extend 
their operation to the freight yards of the big Eastern 


cities. The railroads at first objected to the use of refrig 
erator cars because more money could be made by ship- 
ping live cattle. When the railroads refused to furnish 
the new refrigerator cars, the “big four” built their own and 
forced the railroads to haul them at a price they themselves 
set. In time Chicago’s meat monopoly was able to demand 
that the railroads carry only their cars. This meant that 
any merchant wanting to ship fruit or vegetables under 
refrigeration had to use the refrigerator cars owned by 
the “Big Four’—at a price set by the monopoly. 

Soon the Chicago “Big Four’ controlled the price of 
beef “on the hoof” as well as in the market. By a pre 
irranged plan only one of the “Big Four” would bid on 
incoming livestock. Because the rancher could receive 
no other offers on his “product,” he had to accept at the 
first and only bid. The meat was then shared equally by 
all four slaughterhouses. Thanks to an important engi- 
neering breakthrough in refrigeration, control of the meat 
empire shifted from the plains to the butchers of Chi 
cago. (For some ideas on how to keep today’s products 


cool, see p 55 Benedict A. Leerburger ]t 








SIDELIGHT 




















Chese electronic language translators we've been hear 
ing about can fall into the same trap that catches students 
of foreign languages. Recently we heard about a machine 
that translated a Russian engineering paper into English 
When its translation was submitted, engineers were con 
fused by the term “water goat” dispersed throughout the 
rather technical engineering report. Finally the paper was 
taken to a Russian scholar in hope that he could lighten 
the “water goat” mystery. His diagnosis: the machine 
translated too literally—wasn’t aware of more sophisticated 
meanings. The correct translation should have been 


‘hydraulic ram.’ 
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NEXT WEEK IN PRODUCT ENGINEERING 


. The Newest Molded Printed Circuits 
Conductors can now be stamped on an extremely thin, flexible film. 


. Copper Casting Alloys for High-conductivity Applications 
Extensive property tests on all likely candidates resulted in this ready- 
reference chart. 
How to Transmit Linear Motion to Sealed Systems 
Description of four types—including a magnetic jack, with mechanical 
latches, that provides positive locking and simplifies design of the pres- 
sure vessel. 
How a Communications Group Can Help You 
It furnishes colleagues who help with the writing, get it to the right places 
—and keep you abreast of what others are writing. 
. What's Happening to Design Education 


Curricula are being changed radically in many engineering courses— 
the graduate of a few years ago can now scarcely recognize the “old 
school.” 


. One Spring Returns the Hand Lever 


These seven designs need only a single spring—compression, extension, 
flat or torsion. 
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(What's wrong with this picture ?) Are your “dead storage” files more 





efficient than your active drafting files? 


No doubt about it—it’s very important to keep 
correspondence carefully and safely filed; but 
certainly as important to equip your drafting 
department with modern filing facilities that 

keep your active and semiactive drawings totally 
accessible—in a minimum of space—and 

protect them fully. 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equipment—from Dietzgen 


Hamilton Plan Files 

The Hamilton unit system offers maximum 
protection and capacity in minimal space. For 
instance, each drawer of any of our patented 
shallow drawer units is equipped with a trac- 
ing lifting mechanism , every tracing 
becomes a top sheet, instantly accessible 
Unit sections can be assembled in a number 
of arrangements, stacked safely to any prac- 
tical height. They stand up to hard usage, 
perform perfectly year after year. 


Drafting-Printmaking Booklet 





The equipment in your drafting room, perhaps more than any other 
equipment you have, helps determine total productivity through the 
practical creativity of your engineer-draftsmen. Because Hamilton 
equipment is engineered to deliver maximum savings in time and space 
it is basic to accuracy, motion economy, lessened fatigue—functional 
and human factors that determine total efficiency. 
Inadequate or antiquated equipment in your drafting room can’t help 
but cost you money, foster errors, as well as cumulative losses. 
Hamilton design is basic, practical—thoroughly tested in many thou- 
sands of installations. Its rugged construction delivers many, many 
years of consistent performance. 
We feature and service the fu// Hamilton line—of which the units in 
this advertisement are only a small part. Our planning personnel can 
give you valuable help to determine best arrangements. 


The Hamilton L-Contour Table 

A personalized work area concept per- 
mitting a wide range of board adjust- 
ments, from horizontal to vertical, yet 
provides considerable storage area and 
occupies small space. Single support 
torque tube tilt mechanism provides 
stable, perfect balance of the durable 
seasoned working surface. 





Hamilton De Luxe Auto-Shift Table 
Completely functional features combined with 
modern styling, to create exceptional effi- 
ciency. Because this table sharply reduces 
fatigue, it helps you achieve highest quality 
and peak production. Fully seasoned drawing 
surface, adjustable to individual height and 
slope requirements. Quick, easy adjustments 
Many features, creating ideal conditions for 
each individual job. Exceptionally durable, 
handsome in appearance. 


reports new techniques for solving p ? DIETZGEN 


engineering and production problems 


This new 36 page booklet describes a 
wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 


EVERYTHING FOR DRAFTING 

An! . : f SURVEYING & PRINTMAKING 
ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. NEW YORK « NEW ORLEANS « LOS ANGELES - CALGARY 
Ask for Publication SPD2-HL219. 


Eugene Dietzgen Co., Chicago 14, Illinois SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 
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DEVELOPMENTS TO WATCH... 


Hard, hi-temp iridium coatings coming up 


Extreme inertness at high temperatures, high hardness, and a melting point well above 
+000 F recommend iridium as a protective coating for small parts—where its cost would 
not be prohibitive, says E. L. MacNamara of Frankford Arsenal 

\ new aqueous-deposition technique, developed at Frankford, promises to open up 
1 good many such applications. It’s much simpler than the molten-salt techniques pre 
viously required to deposit this metal, and it produces bright, tenacious deposits. Cath 
ode efficiency is about 12%, with a current density of 20 amp/sq ft, and plating tem 


perature about 100 I 


Closer tolerances placed on refractory metal sheet 


Heat resistance and gage tolerances of refractory sheetmetals will likely receive greater 
emphasis than mechanical strength and weldability in the next few year 

Navy, National Academy of Sciences and Defense Metals Information Center repr 
sentatives, reporting on recent surveys of projected applications, say that in most 
craft uses planned for columbium, molybdenum, tantalum, and tungsten, design stre 
will not be high 


5S¢ 
On leading edges, for instance, the sheet can and will be backed up by low-temper 
ture structural materials, and assembly can be | isteners if welding is impractical 
But these sheet members will have to the brunt cf heat generated during 
eentry 1 minimum of 2000 F, with 400 ss a more realistic figure, and they 
vill have to be held to close gage tolerance 
As pointed out in a report from DMIC rage t ince é mewhat better 
than +10 because of the drastic weight penalti vhicl yuld lt from surplu 
terial when these high-density metals are u 
As to sheet size, the demand will likely be for standard dimension p to 36 x9 
Unalloyed sheets of all these metals except tungsten have been produced in this size 
1 gages down to 0.040 in.; but not all with satisfactory quality. Now the emphasis i 


m alloy-sheet development. Present targets are x 20 in. and 18 x 48, with 12 x 3¢ 


iil 


for electron-beam-melted metals (maximum billet size o ’ yu ir t 


FCT shec 


Electrohydraulic drive combines fast action with positive positioning 

lo provide precise positionimg over a limited range ind Reversible 
_ motor for 
lrive combines electrical and hydraulic elements precise 


LZ 
Wtioning 
Primary aim of the device is to provide a drive for nuclea | oy 


high-speed positioning over a long range, a newly patente 


eactor control-rod elements which must be moved only Lead screw 


Ball 
nut 


lightly by specified amounts during normal operation 
5 | S 


but must be “‘scrammed” or jammed home in the event 

iccident Piston 
During precise positioning, a reversible motor turns the . 

Outlet 


(normally 
hydraulic system, operated by pressurized water (the r closed) 


ictor coolant and fluid) from the reactor itself, tak 
under emergency conditions. 


lead screw to advance and retract control rods; while th 


LT | 





Reactor 
In the normal condition, as shown, the fluid a wall tank 
both sides of the piston. When an emergency Z 
scram valve” opens, bleeding pressure from 


ide of the piston, and the piston push 








home.” 
This device (#2,937,954) is one of a nun 
Commission for royalty-free licensing. Information on tl 
fice of the General Counsel, AEC, Washington, D¢ 
For more on control-rod drives, k’s f 
oduce Linear Motion in Sealed $1 
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Stainless steel strip 
problems are solved at Allegheny 
Ludlum. Excellent forming characteristics, 
close gauge control, special analyses, color match- 
ing, and special finishes are only a few of the 
plusses A-L offers to solve your problems. 
Here are some examples of A-L stainless 
strip made to solve individual problems 
¢ Type 430 with low roping quality 
¢ The economical 200 series . . . line 
free! And with increased ductility 
¢ Type 430 with a bright mirror 
finish, free of gray streaks 
¢ Type 302 with quality that en- 
ables a fabricator to form a cof- 
fee percolator in nine draws 
without an intervening anneal 
Your individual needs will 
get the attention you want 
them to have at Allegheny 
Ludlum. Tell your A-L rep- 
resentative the end use, 
fabrication procedures, 
etc., for your strip. He will 
work with A-L metallur- 
gists, processing engineers, 
and technical men to give 
you the best stainless strip, 
custom made for your use. 
Allegheny Ludlum service 
in stainless strip is backed up 
by an ouuaneiing record for 
on-time delivery. Large stocks 
of hot bands enable A-L to give 
you quick service on all stainless 
strip needs. And A-L finished 
stocks give you quick, even overnight, 
delivery on many gauges and analyses. 
For consistent temper, tolerances, and 
finish in stainless steel strip, call your 
Allegheny Ludlum salesman, or write: 
Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pennsylvania. 
Address Department PF.1 | 


ALLEGHENY LUDLUM ,->, 


wee 
EVERY FORM OF STAINLESS... EVERY HELP IN USING IT S d 
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| DEVELOPMENTS TO WATCH... 





continued 





USSR puts miniaturized cold-cathode tube to work 


Even the Soviets don’t claim it’s brand-new. But, they say, production techniques that 
make it possible to mass-produce cold-cathode tubes “about the size of sunflower seeds” 
are bringing real economies in computer design and operation. 

Using less than 1/100 the power of a standard tube, the new midget cold cathodes 
have only six components, and cost less than 8¢ each. In addition to computer applica- 
tions they’re moving into telephone equipment, telemetering; and, of course, sputniks 

Reliability is a big plus for the little tubes, Ekonomicheskaya gazeta claims. One 
unit that has 2500 of them required only 6 half-hour maintenance inspections in 6 
months. A comparable computer, using 800 to 1000 standard tubes or transistors 
“requires the regular attention of 5 to 10 qualified specialists.” 


New optical elements from semiconductor research 


A material that shows great promise as a semiconductor may also open the way te 
new and improved filters, beam splitters and other optical components for infrared 
application, says Roy F. Potter of Naval Ordnance Lab (Corona, Calif 

Thin films of indium antimonide, vapor-deposited on glass by a new technique, 
show a high refractive index for infrared light, and have distinct possibilities for 
practical application. Some research remains to be done, though, he and G. G 
Kretschmar say, particularly to improve the purity of such layers 


Bacterial action to assist battery output 


“Bug batteries’”—electrolytic cells in which: bacterial action ld be used to aid 
polarization—are receiving serious consideration from the Navy. Such devices, whik 
still in their early stages, “hold no little promise,” says Rear Adm C. B. Martell, 
Assistant CNO. Research on them is being pushed as part of the Navy's over-all 
auxiliary space-power systems program 


Low-cost hydrostatic transmission designed in Britain 


A radial cylinder transmission in which the usual pistons are replace y reciprocating 
balls has been designed by the National Engineering Laboratory in Britain, and is now 
to be made commercially. Primary application: machine tools 

In the new design (see photo and diagram), the driving shaft and the balls move in a 
race eccentric to the driving shaft. To achieve variable displacement, the position of the 
eccentric itself can be adjusted relative to that of the shaft, controlling the flow of oil 
and thus providing infinitely variable flow control 

A prototype 15-hp unit operates at a maximum pressure of 1500 psi ARG 


NEW TRANSMISSION has balls in place of pistons. Diagram shows ball arrangement. 
Photo is of prototype model designed for main and tool-feed drives of boring mill. 
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British study bearing noise 
and vibration 

Dimensional accuracy of bearings 
seems to have little effect on fric- 
tional torque; but sphericity is of pri- 
mary importance in relation to noise- 
generation, Britain’s National Engi- 
neering Laboratory reports. 

Tests of precision and commercial- 
grade 5-mm magneto-type bearings at 
40,000 rpm with various radial and 
axial loads showed “no appreciable 
difference in frictional torque at high 
speeds” even though the dimensional 
iccuracies of the two grades are differ 
nt 

On the other 
earings Of the type used in fractional 


hand, noise tests on 
hp motors showed there was appreci 
ible scatter in the amount of nois« 
Che apparent cause: out-of-roundness, 
vs NEL: “Sets of balls with depar 
tures from sphericity of the order of 
20 microin showed an increase in 
noise level of about 20 db, compared 
with ball sets whose departure from 
phericity was only about 5 microin 

Other findings: 

@ Diametral clearance was shown 
to have little effect on the noise pri 
luced by a_ bearing, except at low 
peeds, and in factor 


secondary importance com 


general this 
eems of 
yared with the sphericity of the balls 

e The noise level can be increased 
ippreciably by mishandling the bear 
ing when mounting it on the shaft 
Bearings so maltreated as to cause in 
dentation of the tracks emitted a 
high-pitched However, the 
umount of maltreatment required to 


whine 
produce this effect was such that 
noderate care in assembly would pre- 


vent its occurrence 


Soviet electron ‘mirror’ 
looks at, under surface 


A device that can examine semi 
conductor electrical properties “at o 
slightly below” their surfaces is re 
ported by the USSR (in Izvestia) to 
have been developed by A. A. Beykov 
of the Institute of Metallurgy Electro 
physical Laboratory. 

\ semiconductor, under high po 
tential, is subjected to a dense electron 
beam at a glancing angle, so the elec 
trons just touch and “feel” the sur 


face of the material. Then, like rays 
of light, the electrons are reflected out, 
passing through an electro-optical sys- 
tem to a television screen. Here, it is 
said, a clearly visible pattern of the 
electrical field at the surface of the 
semiconductor is displayed—and the 
pattern changes with magnitude of 
the electrical field. The Soviets believe 
the device can be developed into a 
basic research tool as important as the 
electron microscope. 

Full text of the Izvestia article is 
not available in English, but an ab- 
stract appears in CJA Report T50, 
ivailable as PB131891 from OTS, 


Dept Commerce, Washington 25. 


Vanadium may come 


from crude oil 

New supplies of metallic vanadium 
may soon be coming from the petrol 
API reports. Va 


nadium, though still rare, shows in 


eum industry, the 


creasing promise as a structural ma 
terial (PE—Mar 17 ’58, p 66) but it’s 
1 headache to oil refiners. It forms 
extremely corrosive oxides that eat out 
reactor tubes. Now, it looks as though 
1 new process developed at the Uni- 
versity of Utah under API sponsorship 
may crack both problems. Preliminary 
work 
other metallic elements can be sepa 
rated, though 
remains to be done before the process 


indicates that vanadium and 
a good deal of work 


s ready for commercial application 


briefs . . . 

Acoustic terms are covered in the third 
of the American Institute of Physics’ 
science glossaries. (The first two: 
“Semiconductors” and “Plasma Phys- 
ics”). Definitions in the new publica- 
tion range from acceleration to wave 
velocity; and include filters, harmonics, 
vibration-absorbers. Like the others, 
this 44-page booklet is free to PE 
readers while the supply lasts. Address 
requests to Eugene Kone, AIP, 335 
E 45th St, New York 17. 


Research Reactor Journal is to be pub 
lished quarterly by AMF Atomics 
Greenwich, Conn. It will cover re 
ctor construction, instrumentation 
ind use; include news and book se 
Distribution will be to “engi- 


neers throughout the world 


tions 


Bibliography on copper die-casting, 
covering the vears 1934 through 1959, 
has been prepared by Canada’s Na- 
tional Research Council. The aim 
To provide background information 


that will be helpful if expected tech- 
nical breakthroughs in mold materials 
make such diecastings as attractive 
economically as they are mechanically 
Savs G. G. M. Carr-Harris of NRC 
“Research now in progress, aimed at 
prolonging die life, could go a long 
way toward encouraging use of this 
technique for large-scale production of 
copper parts.” A copy of the ris 
Report, #63, may be 


NRC. Ottawa 2 


obtained from 


ARG 





Drop test measures 
brittleness of soft materials 
A plastic tube with holes drilled in 
it at measured intervals, a collection 
f steel balls, and a simple double-bar 
fixture are helping Esso researchers 


measure fracture strength of thin strips 
of a soft, hard-to-handle 
petroleum wax. Standard testers are 
not equipped for materials like this. 


material 


But the unit pictured here does the 
trick. Weighed balls are dropped from 
1 predetermined height, and force re 
quired to break sample is calculated 
on the basis of height, weight, and 
icceleration. Primary aim of the study 
development of new waxes to improve 


wax coatings 
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WAX TESTER is readied for use by 
Esso Research & Engineering’s George 
Schael. He’s using a small, cork-held 
steel rod, inserted in one of the holes, 
to start ball from desired height 





> 
INLAND STEEL 


30 West Monroe St., Chicago 3, Ill 
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LINK-BELT P.!I.V. is available in all these ways for 


a cs at 
Super-sensitive quality control 
(a) 
Today a growing number of pro- 
duction machines and operations 
demand extremely accurate trans 
mission of power with variable 
speed control. For these require 
ments, Link-Belt P.I.V. is avail 
able in the many ways shown 
below—with automatic controls 
and integral differential to satisfy 
an infinite number of variable 
speed applications. 
Variable from top speed to 
minimum speed with no steps, no 
stops in between, Link-Belt P.1.\ 
is industry’s only chain-driven 
variable speed drive. Teeth—not 
tension—permit positive, high 
efficiency power transmission 
For information on the fu 
P.I.V. line, call your nearest 
Link-Belt office. Or write fo 
Book 2274 on basic P.I.V., and 
> ; aoe Book 2774 explaining P.1.\ 
Here's the basic sae a f with integral differential 


P.1.V. for step/ess, 
Slipless speed changing 


Link-Belt P.I.V. is available in 8 sizes and 16 standard types, in capacities from 
or horizontal or vertical mounting. Compact design simplifies installation as a sep 
wuilt-in part 1 machine. P.I.V. is totally enclosed, automatically lubricated 


@, As PNEUMATIC hown) The P.LV HYDRAULIC (shown) Consist 
ete, pnecumatlse 
~ final control element providing fully with a precision valve positioner 
sutomatic control of speed. Operates tended to give automatic speed 

from standard pneumatic controller rol by direct operation with an 

n systems regulating pressure, tem of linkage A minimum op: 


ratio changer is used as a : low-pressure hydraulic Servo sy 


perature, rate of flow, etc force S required 


MECHANICAL Predetermined tim ELECTRONIC Flexible for 

ng clic, or characterized regulation | control to provide either “on-off 
rccomplished by P.L.NV with modulated speed response of P.I.\ 

ntrols drive. Electric control motors 


vailable to 


| 
P.1.V. with integra/ \differential gearing 


CONDENSED SPEED RANGE TYPE of EXTENDED SPEED RANGE TYPE of integr: 
differential results in infinit oO range al 
output speeds down to zero with a constar 
nput speed. Clockwise and counterclock wise 
rotation through zero is also obtainable 
These drives may > used whenever a ratio 


tegral differential results in a ratio range 


less than a standard P.1.V. with the ad 
vantage of increased horsepower capacity 
high ratio stability and accuracy. These 
drives are applicable wherever small ratio 
range is required but with extreme ac- 
curacy of ratio control 


range greater n 6 to is required 


©}BELT 


VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Bele Plants, Sales Offices and Stock ¢ 
Distributors in All Principal Cities. Export Office, New York 7; Australia, Marrickvule (Sydney); Brazil, Sao Paulo; Canada, Scarboro ( Toront 
South Africa, Springs. Representatives Throughout the World 
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FROM WASHINGTON... 


Green light for a manned bomber 


In its last important defense policy decision, the Eisenhower administration 
did an about-face on the Air Force program to design and build a Mach 3 manned 
bomber, the B-70. The White House released additional funds for the project 
($55 million extra, which brings total cost for the vear to about $260 million), 
reinstated it as a “weapon system,” and reversed Washington's holddown on 
manned-aircraft development 

The decision means combat subsystem development work cancelled in last 
year’s economy drive will be resumed. Included are Motorola’s mission and 
trafic controls, Westinghouse’s defensive subsystem, and Autonetic’s automatic 
flight controls. Work on IBM’s bomb-nav subsystem will probably be speeded up 
Production of two fully equipped YB-70 test planes is also authorized 

Air Force officials, however, caution that the design and development work 
will be resumed on “an austere basis.”” Since last vear's cutback, the B-70 pro 
gram has been limited to construction of two stripped-down prototype models 
for flight testing. Prodded by Congress two months ago, the administration added 
$100 million to the program for speedier delivery of the prototypes, but held back 
until now on reinstating the B-70 to weapon-system status 

Behind the new decision are these factors: political pressures generated in_ the 
presidential campaign; a new appreciation of the Air Force’s claim on the strategic 
need for a manned bomber in the missile era; and a new realization that the B-70 
will serve as a prototype for a Mach 3 commercial transport. The aircraft industry 
needs B-70 data to design commercial planes in this speed range 

First flight test of a stripped-down prototype is now set for January 1963. An 
order for full-scale production of combat-type aircraft will be delayed, under present 


plans, until the flight tests. 


Nuclear rocket project advances to industrial contracting stage 


NASA and AEC are seeking a design and engineering contractor for the “Rover 
nuclear rocket engine. Invitations to bid are out to what the agencies describe 
as a “number of manufacturers.” 

This means the project has advanced from the feasibility testing and preliminary 
engineering and design phase, which the government has conducted at Los Alamos, 
to a stage where an industrial contractor can take over. 

Up to now, experiments have been with three nuclear reactors in which a gaseous 
hydrogen coolant for the reactor and a gas hydrogen-cooled nozzle have been used 
Ihe plan now is for an industrial contractor to use a liquid-hydrogen coolant and 
a liquid-hydrogen-cooled nozzle. As the design is envisaged, liquid hydrogen moves 
over the reactor fuel elements, gets pressurized and heated, then compressed, and 
is ejected out the nozzle to propel the rocket 


Air Force to use “value engineering” to cut costs 


he Air Force will shortly issue its first contracting regulation on value engineering 

Says an Air Force officer: “Where there is a reasonable assurance that there will 
be cost benefits, contractors will be directed to set up special engineering organiza 
tions devoting full time to get rid of design frills inadvertently cranked into systems 
and to assure that we get the best value for the least dollars.’ 

The Air Force plans to use value engineering in both development and produc- 
tion contracts. Army Ordnance and the Navy’s Bureau of Ships, which have 
pushed the value engineering concept for defense contractors, have normally limited 
it to production work involving firm specifications 
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Makes even the best draftsmen better 


PARAGOn 
Ho) 


DRAFTING MACHINE 


3 Ways Better 5 Ways the Best 


Horizontal positioning lock now centrally More Versatile — perfect balance at any board angle. 
located to permit locking or releasing while = ore Compact — advanced travel-rod construction com- 
seated. pletely eliminates outdated cumbersome counterbalances 
Improved cable attachment and increased projecting over top of board. 

cable strength provide maximum protection More Adaptable — gives maximum sweep of any size board 
against breakdown, cable-snapping, and the —even the largest wall models. 


wear and tear of constz Ise. . ror , , 
‘ @ tear of constant \ Better Made —as with every K&E product, precision engi- 


Larger diameter vertical rail and attendant neering throughout...rigid construction means truer lines, 
structural improvements afford increased more accurate work... glides smoothly on fine-ground stain- 
rigidity for sharper, surer work. less rails...all glide controls are readily adjustable for any 
touch, any board. 
For Easier Use —scales move instantly at the lightest touch 
from one position to another ...long lines can be drawn in 
LJ a single motion, up, down or across...scales Jock in place to 
<3 = eliminate drift...less tiring...smooth feather-light action 
rc \ a actually reduces number of arm and hand motions necessary 
to produce a finished drawing. 
GO DS 8 SS OS ee 6 6 a ee eee eee ees ee, 


KEUFFEL & ESSER CO., Dept. PE-11, Hoboken, N. J. 


(1) Please send information on the new K&E Paragon Auto-Flow® Drafting Machine. 
(J Please arrange a demonstration for me. 


! 
| 
I 
Name & Title 
| 
| 
‘ 





Company & Address 








2046 
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THE NEW 
THAT 


NEW BLOOD BROTHERS 


“130 WB" 


UNIVERSAL JOINT 


HAS AN ULTIMATE YIELD OF 


600,000 INCH POUNDS 


OF TORQUE... 


WITH A SWING DIAMETER 


The boy in the picture is holding one of Blood 
Brothers’ smaller universal joints to show the rela- 
tive size of its giant new “150WB.” One of the larg- 
est universal joints ever built commercially, it will 
adequately handle 162,000 inch pounds of torque 
using a safety factor of 10 to1...in a swing diam- 
eter of only 131% inches! The “150WB” was designed 
for compact installation in such operations as rolling 
mills, gantry cranes and ship drive shaft appli- 
cations. In spite of its size, this giant unit may be 


OF ONLY 13% INCHES! 


assembled or disassembled by removing 4 bolts. 

The “150WB” proves again that you can get the 
exact universal joint you need from one source... 
anything you need from a simple assembly built to 
handle 350 inch pounds of torque, to the “giant” in 
the industry. Whatever your requirements, either a 
standard item, or an unusual design for a special 
application, Rockwell-Standard engineers can meet 
your specifications .. . at a considerable saving in 
cost. Write or call for complete details today! 


Atrbthor Thode ROCKWELL-STANDARD a 


fool - a -tel-#-ealel. 


Joint Division, Allegan 
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Japanese Automakers Jockey for Small -car Market 


loxyo—Japan’s Seventh Annual 
Motor Show this vear witnessed a 
battle of midgets.” It was the biggest 
uuto show ever held in Japan, even 
though the highly protectionist Japa 
nese companies forbade foreign com 
panies to show their wares this year, as 
they have in past years 

More than 300 manufacturers of 
sutos and auto parts, motorcycles and 
scooters participated in the show at 


Harumi Trade Fair grounds. But focu 

BOTH CARGO AND PASSENGERS fit the 118-in.-long, 51-in.-wide, and 54-in. 
high Subaru (PE—Jan 12, 1959 p 39). Its engine, mounted at the rear, produces 
16 hp with a 2-cycle, 356-cce displacement unit cooled by forced air. Speed 


f the show was on the developing 
battle to capture Japan’s small-incom« 
onsumer. With government backing reaches 63 mph. The Subaru has a single dry plate clutch with constant 
everal Japanese companies have been vears—three forward and one revers« 
trying to put a “‘people’s car’’ on the 
oad. This year there were fo 

indidates 

Subaru, a tiny four-seater, ha onus 
models adapted for goods carriers, and 

ven a convertible. It first appeared 
n 1958, but has reached mass pro 


luction only in the last few month 


it the Fuji Heavy Industries plant 4 
Mitsubishi 500, introduced in April ; 4 

1960 by one of the heirs of the giant : fads 

prewar Mitsubishi Zaibatsu aircraft ; & 

ind heavy-machinery complex, is a : 
iled-down model of larger type cat : 


Mazda 360 Coupe is a new 

iter produced by Toyo Kogyo i MAZDA, conceived by freelance designer Jiro Kusugi, is an attempt to produce 
a small car that differs both from traditional large cars and European small 
cars. Kusugi has, however, included a rubber torsion suspension with trailins 
arm similar to the British Land Rover. Wheels are independently slung on 
torsion bar that moves vertically and horizontally in a rubber socket as the 


Hiroshima plant, one of the 


ghly mechanized in Japan 


loyota “people's car, new that it car moves. Lowest of the small cars. Mazda measures 116-in.-long, 51-in.-wide 


t and 5l-in.-high. Its wheelbase is 69 in. and the car turns in a 4-meter dia circle 


lot 
Co, Japan’s No. 1 auto manufacture: 


loesn’t officially have a name \ 
the midget entry of ‘lovota \N 


( l 


The engine develops 16 hp with 4-cycle, forced aircooled, ohv unit mounted 
the rear. Kusugi earlier won recognition for designing the Janome sewir 
machine, which sells in the US under the Home” labe 


It won't be on sale until next spring 


Excitement in Japan’s auto industn 
has reached fever pitch. So much so 
n fact, that the ever cautious bureau 
rats of Japan’s all-powerful Ministry 
yf International Trade & Industry are 
talking of reining-m the industry to 
ywrevent overproduction. MITI sources 
ay they will fight any further attempts 
* the automakers to borrow in the 
US, mainly from the US Export 
Import Bank, for plant expansion 
August figures show the _ industy 
produced almost 240,000 units in the 


hrs Ss S ‘ “6 1960 
inst six months of fiscal year THE REAR-ENGINE MITSUBISHI develops 20 hp with a 4-cycle, 2-cyl unit 


that has 493-cc displacement. Transmission is synchromesh in second and top 
n the previous year. gears. It has 1 reverse and 3 forward gears. The car measures 122-in.-lon 
Che midgets are playing a big rok 55-in.-wide and 54-in.-high. Wheelbase is 81 in 


That’s a 79% increase over production 
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LARGEST OF THE SMALL CARS, 
the 4-passenger Toyota is___ still 
shrouded in secrecy. The company will 
only say that it measures 138 in. long, 
56 in. wide, and 54 in. high. Wheelbase 
is 84 in. Toyota is the only one of 
small-car competitors with a front 
mounted engine. It displaces 698 cc 


in this expansion, though they haven't 
been as successful in overseas export 
markets as the Japanese planners had 
hoped. Government ofhcials, always 
looking for adaptations of Western 
products that the Japanese might 
underdeveloped 


Africa, had 


people’s car’ developed in 


produce for the 
countries of Asia and 
hoped a 
Japan would set the pace for the auto 
Afro-Asian world 


(Japanese regulations 


age throughout the 

The midgets 
set a 360-cc engine as top limit for 
lighter tax, road tax and driver license 
regulations) reached 62,874 passenget 
units in the first six months of the 
fiscal year. That compares with pro 
duction of 15,872 so-called light cars 
In Sep 
tember, production soared to more 
than 44,000 units both in midgets 
ind light cars—an increase of moré¢ 
August 


Price was the big factor in discus 


And the trend is continuing 


than 7% over 


f young couples who looked 
Mazda 


300.000 ven 


sions 
over the midgets at the show 

the cheapest at 
The Subaru has scaled 
350,000 ven 


about $833. 
down its original price of 
or just under $1,000. Mitsubishi is 
asking 390,000—or about $1100—for 
its more substantial car. Toyota still 
hasn’t announced a price, but it 
probably will be in the same range 
As for design, the cars fall into two 
categories: the Toyota (so far as is 
known) and Mitsubishi models are 
scaled-down versions of larger cars. 
The Subaru and the Mazda are 
attempts to build a-small car without 
reference to the bigger models in 

Japan and abroad. 
—Sol Sanders, Tokyo Bureau 


Measuring of Ultralow Pressures Streamlined 


PirrssurGH—An instrument to meas 
ure extremely low pressure has been 
developed by Westinghouse for the 
Atomic Energy Commission, as part 
of long-range efforts to control nu 
clear fusion for peacetime uses. 

Like other such instruments, thi 
one places electrical charges on the ga: 
particles that remain in a vacuum 
system, then counts the rate at which 
these charged particles (ions) form 
Conventionally, these charges com« 
from electrons that are boiled off th« 
surface of a hot tungsten filament 
located inside the vacuum system and 
in contact with the gas being mea 
ured. In 


interacts with the hot filament surface, 


many instances, the 4g: 
breaking down the gas and converting 
it to an entirely different substance 
Thus the very act of measuring the 
gas pressure contaminates the gas and 
upsets the entire experiment 

measuring device Over 
effects by 
ultraviolet 


heated filament. Elec 


The new 
these undesirable 
substituting a 
light for the 


trons released from a metal surface br 


come 
beam of 


the ultraviolet are guided onto a seric 
of similar surfaces which multiply th 
electrons in speed and number. ‘Thes 
electrons then are used to form the 
ions that are collected and counted 
in the usual fashion. The series of 
surfaces which releases the electron 
ind increases their number is called 
1 photomultiplier, from which the 
name of the new pressure-measuring 
instrument is derived 

The gage is linear with 
over the 
to one-tenth of one-billionth (10 
millimeter of mercury 


pressurt 


range from one-thousandth 


t 


[his range o 


pressures is equal to that encountered 


PHOTOMULTIPLIER 1ON GAGE 
(foreground) measures pressures of 
less than 10 millimeters/mercury. 
Developed by Westinghouse Electric 
the device will be useful in ultrahigh 
vacuum research experiments. It is 
ideally suited to low-pressure studies 
of hot-filament gas interactions such 
as those encountered in the ordinary 
fluorescent lamp, in electronic tubes, 
energy 


as well as in thermionik 


converte! 


pact it distance petween 


50 miles above the surtace 

ith. In fact, the new device alr 
has found use in pressure measut 
nents and other experiments aimed 
it understanding the concentration 


ind interactions of the particles foun 


nh outer space through duplic 1f101 


pace conditions in the labor 
7 


of oute 


Scoring Index for Gears to Be Developed by AGMA 


index 


Cuicaco—Scoring and 


gears 1s receiving increasing attention 


pitting of 


of the American Gear Manufacturers 
Association. At a 
scoring of conducted by 
AGMA’s Gearing Com 


mittee here, diverging opinions were 


symposium on 
gears, 


Aerospace 


presented as to the causes of scoring 
and the influence of lubricant typ« 
on scoring rates. Upshot of the meet 
ing: a scoring index is expected to b« 
developed by the association on the 
basis of case histories submitted by 


members his would 


pur and helical gears. Bevel gears are 
the subject of a separate investigation 


While the 


interested in highly loaded gears used 


committee 1s primar] 


in power and actuating service in 
iircraft and space vehicles, the scoring 
classification index is expected to be 
of general application. 

A new formula covering the pitting 
resistance of bevel and hypoid geai 
teeth was also presented for considera 


tion by the association. 
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Electrolysis Shapes Toughest Alloys 10 Times Faster 


Oxnto—An 
process that 


electrolytic 
can shape 


CoLuMBUS, 
machining 
parts from the toughest alloys in as 
little as one-tenth the time of con 
machine tools has been 


Battelle 


ventional 

developed _ by Memorial 

Institute. 
Metal is 


sparks, or high temperatures by pass- 


removed without arcs, 
mg direct current between the work 
piece and an electrolyte. The current 
removes electrons from the workpiece, 
converting the surface atoms into 
positively charged ions that dissolve 
into the electrolyte. This process i 
nique in that its effectiveness is not 
dependent on the hardness of the 
metal, and so it offers a solution to 
the problem of machining the harder, 
higher strength metals 

[he Battelle process differs from 
ther electrolytic methods: (1) It can 
complete 


sink cavities or produce 


parts. (2) It uses no rotating cutting 


wheels 3) Power supplied 


through a simple rectifier instead of 


complex electronic circuits 


lo produce a part, a rough forging 


r piece of metal stock (anode) is 


electrode .) 


ind electrolyte is pumped 


placed between shaped 
cathode ) 
under pressure into the space between 
the electrodes and the workpiece. As 
the electric current dissolves the work 


piece to the desired shape, the elec 


Piracy or Pilfering? 

Japan Accused Again 

Britain this week lodged a 
test with Japan on the alleged steal 
ing of designs of British-made oil 
heaters. The Aladdin Co of Britain 
says that the appearance of the Japan- 


loKyo 


pro 


se Blue Fire heater is a virtual copy 
of the Blue Fire heater (see photos at 
right) which the company exports to 
Japan 

lhe Ministry of International Trade 
ind Industry is scheduled to summon 
for questioning the importers of the 
British heaters and the makers of the 
Blue Fire heaters. The Aladdin Co 
has not applied for a patent for its 
products in Japan and its patent in 
Britain is alleged to have expired. The 
case would, therefore, not involve 
violation of patent rights; rather, it 
would bear a relationship to pilfering 


of design 


trodes are moved in simultaneously 

lhe electrolytic unit has machined 
rough-forged jet turbine blades to 
0.003-in. tolerances in 5 to 10 min 
an operation which took from | to 2 
hr to perform by grinding. In addition 
to shaping parts, other types of units 
can be used to sink die cavities in 
50 min.; previously this required 7 to 
10 hr of machining time. They also 
can drill round and irregularly shaped 
holes in alloys that cannot be penc 
trated by conventional drills. For 
some applications big advantage of 
the process is not time saved but 
absence of mechanical damage to 
surface of the workpiece 

Because there is no tool pressure 
on the workpiece, very thin sections 
can be shaped without deformation, 


and lightweight machines and clamp 
ing systems can be used. Also, the 
shaping precess produces no metal- 
lurgical change on the surface of the 
workpiece as conventional machining 
does. 

Current requirements for the ele 
trolytic machining process range up to 
1500 amp/sq in. of workpiece at 3 t 
rate of 


However, for 


12 v, to achieve a penetration 
0.05 to 0.1 in. per min 
most operations a 100 to 500-amp cur 
rent is sufficient. The 


trodes, which are not subject to wear 


shaped el 


can be made of any electrically con 
ductive material. The electrolytes, s¢ 
lected according to the metal to be 
solutions of readily avail 
hemicals. Research 


Steel Improvement 


machined are 
ible commercial 
is sponsored by 
ind Forge Co of Cleveland. 


—Felix Giordano, Detroit Bureau 


Engineers Given Math of Designing Car Seats 


There is more to making 


“ 


DETROI1 
the ideal seat for a car than meets the 
eye, according to Chrysler Corp’s D1 
John Versace. For instance: seat 
makers must apply principles of anat 
omy and weight distribution to 
matters like height, posture and the 
mechanisms of suspension; they must 
ilso consider orthopedic conditions, 
which involve the joys or torments of 
sitting down. 


Dr Versace told a meeting of the 


American Society of Body Engin 
here that fitting the “‘average” man t 
1 seat is virtually impossible. He said 
an At 
that of 4063 men studied, only 26 
fit into the broad range that could bx 


( lle d 


Force investigation revealed 


pproximate average.’ 


Chis original group was whittled 
down to only 302 men with “approxi 
mate averages” in both height and 
chest measurements—and after nine 


continued on page 20 


DESIGN SIMILARITIES are obvious between the British Blue Flame heater 
(left) and the Japanese Blue Fire heater (right). British unit sells for 16,000 
yen and its Japanese counterpart for 9,800 yen 
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SHEARING 





PAINTING 


FORMING 


MACHINING HIGH-STRENGTH METALS: Republic Titanium was cut, ground 


tapped, spot welded, heat treated, and hand forged by the Crane Co 


Chicago, Ill. Parts produced were valve components—lower stems, 


disc 
Freeport Nickel Company's 
processing f 


stem rings, and disc and stem ring pins 
$119,000,000 
Republic 


used 
new 


nickel-colbalt 
permitted 


acilities. Crane reports 
nachining with considerably 
Cail your Republic representative 


Titanium close-tolerance 
fewer rejects 


or send coupon for data 








or not. Easy to 


over agair 


fastener information t 


WELDING 


PUNCHING - 


REPUBLIC NYLOK NUTS hold tight 


resist vibration, and grip with 
positive lock to anchor dump bodies to the chassis at the Heil Compor 
Milwaukee, NYLOK Nuts 


Ipply manva r 


Check 


Wisconsin y tight in any positior seated 


sutomatically. Can be used over « 
your Ipplication where NY K Nut 
sn do the job better 


oda 

















REPUBLIC SHEET STEEL FABRICATION “KNOW-HOW” 
Solves Manufacturing, Assembly, Delivery problems 


Republic’s Berger Division complete sheet steel fabri- 
cation “know-how” may be the answer in giving your 
products a new look, new market acceptance, new sales 
potential. 

Berger has experienced engineers and craftsmen, and 
the facilities and abilities to manufacture sheet steel 
products from galvanized steels, stainless steels, and 
the new vinyl coated sheet steels. 

Berger offers a well rounded stock of tools and dies, 
modern assembly lines for shearing, punching, form- 
ing, finishing, and painting. Standard and special arc, 


spot, and gas welders designed for production line 


assembly. Tumbling barrels and plating equipment. 
Grinders and sanders. 

Finest finishing facilities, including Bonderizing and 
electrostatic paint spray equipment. Finishing con- 
veyors through spray booths, dip tanks, and baking 
ovens. Automatic material handling equipment. Com- 
pletely mechanized crating department with conveyor 
line carton-packaging facilities. 

Let Berger Division engineers work with you in 
designing and developing your product. Use Berger 
facilities to solve manufacturing and delivery problems. 
For complete details, contact Berger’s Contract Manu- 
facturing Department, today! 


FABRICATING GALVANIZED STEELS...STAINLESS STEELS...VINYL COATED SHEETS 


Pf 


{ 


REPUBLIC STEEL 


GOLA Ujien, ktnge 


REPUBLIC DIE-FORM BLANKS REDUCE COSTS because the Die-Form Blank (above 
closely approximates the completed part (below), scrap losses are negligible and 
machining is held to a minimum. Die-Form is a new method of cold forming hot 
rolled carbon, alloy, or stainless steel bars into multi-diameter blanks ready for 
final machining. Handling costs for raw material and scrap disposal are greatly 


reduced. Production rates are increased. Write for data. 


SC. — ee ae OP x Pe, 
Sli Wa eks and Stee FOE, 


REPUBLIC STEEL CORPORATION 

DEPT. PE -9937 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Please send more information on the following products 


O) Republic Contract Facilities () Have representative ca 


O) Republic Titanium OC) Republic NYLOK® Fasteners 


O) Republic Die-Form Blanks 
Name 

a 

Address 


City 
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continued from page 17 

torso lengths, 
0.04% 
remained out of the original 4063. 


subdivisions separating 
leg lengths and so on, only 

Dr Versace said the seating engineer 
arrives at a yardstick for designing by 
that is 
among people. This system is known 


the size distribution found 
is the “percentile” system. If the 
tallest is at the front and the 
shortest at the rear of a line, the man 
man in the very center is designated 
it the 50 percentile. This 
simply that 50% of the people are 
shorter than he is and likewise 50% 


man 


means 


ire taller. 

Every person in the lineup can 
therefore receive a percentile designa 
Ne iT 


line, one man can be a 5th percentil 


tion the extreme ends of the 


ind the other a 95th percentile, it is 
this wide range that the automobilk 
seat designer tries to please: “The size 
of people—almost all of the people 


determines the location of controls 


doors and seating accomodations in 


proper proporations, so that man is at 
ill times at ease 


contorting himself to find comfort.” 


and not continually 


Britain Presses for 
Uniform European Patents 
British 
that th 15-memb 
ition for European | 
eration (OKEC 


IZETICY Vhe 


Government 


LONDON The 
roposed 
CONnOTIII 
set up an int 
ional patent iwenc' 


nclude machinery to eliminate 
ndividuals to make sepa 

nt applications in each 
untry. Reginald Maulding 
f Britain’s Board of Trade 

presented the proposal recently to a 
ymmiuttee of 
il of Europe the 


bod of OF EC 


patent experts of the 


Coun governing 


WHAT IT SHOULD DO 


Initially 
that th 


runctions 


Maulding had proposed 
gency perform coordination 
It would investigate similat 
ities of patent clauses now in force in 
OEEC 
formed by the 
Institute of 
patent applications on the basis of 


countnes, a function per 
Patent 


ipprove 


International 
The Hague, and 


international specifications, which will 
be accepted by countries participating 
in the OEEC program. 

Maulding believes that details coukd 
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lon Engine Has 19 ‘Cylinders’ 


ee? 
e630 
649-3 
6éo 
3 6.1... 


This 19-beam ion engine operates under simulated space environment and 


produces several hundred 


micropounds 
surface ionization source and is projected by 


from 


Development 
] 


of thrust. Beam is produced 
19-hole electrode. 


program is conducted by Electro-Optical Systems Inc for Wright Air Develop 


ment Div, 1S expected to yield propulsion 


' —— , 
| ' ~ 
be worked Out so that pate 


could be tried in the law 


each country according to 


domestic law, and each country could 
provide its own opposition procedur¢ 
One of the concerns of th 
would be to consider the mi- 

yuntries that aré 
found out of step with the othe: It 


hoped that thei 


main 
iwency 


nority position of ct 


patent law can 
be brought closer to those prevailing 
] vhere 

Eventually, Maulding f 


tion of national patents 


country would be fre 
domestic patents, b 
recognize that th 


ent confers a monopolh 


Brake-saver Being Imported 


Rapips, Micn 

DI iking device that earn n 
reduction of 5 to 10 fol 
all heavy vehicles equipped with it in 
1} } 


wre DY 


(GRAND 
premium 


France will soon be market 
Corp’s Electro-mechanical Di 

elma of Paris, the retarder 
truck trailer 


Lear 
Built by 

has been used on 
ind buses since 1950 
driveshaft, 


Inserted in the perma 


nently geared to the rear wheels, the 
retarder requires only the battery for 
excitation. The 


is used to retard its motion 


vehicle’s own energy 
No wate! 
medium of 
mtrol 

adjacent to 


auxiliary 
needed ( 


oil or other 


energy source 15S 
accomplished via a lever 
the steering wheel. 


Primarily intended to relieve strain 


units for vehicles in deep 


spac 


chalk nged 


successfully f 
might become necessary 
ymestic patent invalid 
ered an invention al 

in international pat 


h initiative was prompted by 
the insularity 


| uropedal 


nt agreements are 


ern Ove! 
characterized 
scecnl a 
helping to foster unifica 
uropé At pre ent th 
Market gr up 1s attempting 
1 common patent system 
heme will include AFT] 

n) countries. It will also 
inner six Common Market 
oe 


gions, and a brake-saver on flat 


Heat 


generated is di 
lly designed 


into the is on each end 


retarder 


WHAT IT CAN DO 


Che device is without linings, with 
out friction; it can be used even with 
the clutch out. Official French 

il that the retarder will consist 
stabilize a 14-ton truck at speeds 
mph on a 9% downgrade 


tests 


up to 22 
I'he retarder alone provides a decelera 


from 47 


distance of less than 220 yd. 


to 6 mph within 


Mechan 


tion 
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ical failure, or careless handling by 
the driver cannot cause failure of the 
retarder, and savings of up to 70% in 
brake lining and tire replacement have 
been reported by its users. 
Selection of the correct retarder is 
governed only by the electrical circuit 
12 or 24 volts—and by gross weight 
Standard models cover 
vehicles with maximum loads of up 
to 35 tons and low current absorption 
rates. Maximum retarding force can 
be applied in two to three seconds 
with either the 12- or 24-volt model. # 


retarder 


Car Weight and Cost 
Go Down with New Steels 


Derrorr—That continuing problem 


to automotive designers—weight—is 
being tackled by the steel companies 
M. W. Lightner, vice-president for 
ipplied research, United States Steel 
Corp, told a group of designers at th 
(American Society of Body 


necting here that “new modern steels 


Enginect 


1 


in be utilized to make automobiles 
tronger and lighter and at a low 
st 

H uid the steel industry now can 
tter over 30 varietic * the high 
trength, low-alloy typ« 
trength 
50,000 psi 


with yield 
ranging from 45,000 to 

This compares with the 
steels of 25,000 to 30.000 psi 
still used in the Besides 
higher strength, the newer steels boast 


older 


industry 


good formability and welkdability and 
fabricated by 
He pointed to their use in 


can be readily 
methods 
bumpers and to the weight reduction 


f 15 to 20° 


present 


now being realized 


CHARTS THE DIFFERENCE 


With a series of charts, Lightner 


howed that a box-frame member built 
f high-strength, low-alloy steel with a 
50,000-psi yield weighed only 67% of 
the carbon-steel member it replaced. 
And a 100,000-psi steel cut weight to 
30%. Cost was 83% and 80% 


tively, of the corresponding 


, Tespec 
carbon 
steel member 

\ structural analysis of several auto 
motive frames constructed of hot 
rolled carbon steel revealed weights 
of 360 to 400 Ib and costs of $20 to 
$23 per Redesigning the 
frames to take advantage of the high 
strength Lightner 
said, reduced weight by 23% and cost 
by 10% . 


frame. 


steel properties, 


Brazed Engine Nears Debut 
$-c\ lind 


engine with 


Cuuia Visra, Carn \ 
dual overhead-cam 
cylinder block and head unit made of 
thin, stainless steel sheet will shortly 
be in production, according to Ty« 
Engineering Corp here. Design of th 
175-hp, 175-Ib Tyce-Taylor engin 
PE—July 4 60, p 35 

the head gasket, and permits com 
as high as 14:1 


stainless steel 


eliminates 


pression ratios 
block 
includes combustion cham 
jacket, intake 
ind exhaust ports, upper block pan, 
above The 


The brazed 
issembly 
bers, cylinders, water 
ind sparkplug tubes 
engine is made from relatively thin 
0.100 in.). 


material (type 302) that 


corrosion-resistant stain 
less steel 
is copper-brazed. It dissipates heat 
several times faster than a cast-block 
engine; this prevents hot-spots from 
detonation 


developing and causing 


under high pressure. It was also 
pointed out that this theory was sup 
ported by tests showing the engine 
runs at 12:1 


compression ratio on 


regular gasoline without pinging 

The continuous hollow-core crank 
shaft, cast of ductile iron, is carried 
in five radial webs which are turned 
to zero-clearance fit with the opening 
in the crankcase. The case is split 
and wedged open by spreader bolts 
during assembly and then pinned with 
setscrews 

Double overhead cams are driven 


from front of the cam by a combina 
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ind double-chain drive 


or timing, the eccen 


transm1 


+-speed and tl 
-speed units can be used 
zine. Special adapter 
to permit mounting the 
pow rplant into sports cai 
The lightweight engine 


] 
igned for light vehicles, mat 


a 


ms, auxiliary power source 


—Wesley Perry Jr Detroit Bureau 


NEW CADILLAC still has its fi 
All models but the limousine are three 
Width 
same at 79.8 in. New windshield de- 


inches’ shorter remains the 


sign eliminates dog-leg in the “A” post 
\ “shorter deck” 
later this year with a 215-in. wheel 


sedan will come out 


lube-free this 
sealed at the 
requires 


base The chassis is 
year—all bearings are 
factory Repacking special 
available only at the dealer 
Front brakes have been moved inboard 
to take advantage of aircooling. 


tools 











icking a The THERMO-FAX “Secretary” Copying Machine, built by Minnesota Mining 
tolerance ot the beit which is 24 inchesin circumfe f Thermo-Fax & Manufacturing Company using LORIG-ALIGNER Self-Centering Rolls. The 
a terms “Thermo-Fax" and “Secretary” are registered trademarks of the 3M 


Y coprina machines Company, St. Paul 6, M esota. 


Thickness ot a silver dollar indicates the « 





The tilting end sections of the LORIG-ALIGNER roll exert a strong self-centering action that keeps belt in alignment. 


‘“Thermo-Fax” Copying Machines 


BRAND 


designed with Lorig-Aligner Self- 
Centering Rolls This THERMO-FAX 


“Secretary’’ Copying Machine has a plastic belt, 
24 inches in circumference and 9% inches wide, 
that must travel in almost perfect alignment for 
the optimum in reproduction. Early models used 
complicated tracking mechanisms, including motors 
and limit switches. 

Then by using LORIG-ALIGNER Self-Center- 
ing Rolls, designers produced a simplified machine, 
eliminating a number of costly parts. The belt 
stays in alignment, sizable savings in manufac- 
turing costs are realized, and greater reliability of 


service is obtained. 


ade of moder jependable Stee 


Where LORIG-ALIGNER Self-Centering 
Rolls can be used to obtain greater produc- 
tion. On metal strip processing lines, conveyor 
systems, grinding machines with belts, textile ma 
chines, paper-making machines, in fact, any place 
involving the alignment of a belt or web. Just send 


the coupon for the complete story. 


United States Stee! 
Room 2801, 525 William Penn Place 
Pittsburgh 30, Pa. 


Please send your booklet 


Self-Centering Rolls” tc 


Name 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Steel Export Company 


United States Steel 





NYC—OCT 


2a 


IN APPEARANCE DESIGN 


So we went to the 


PIPE TOOLS such as_ the 
wrenches, pipe and tubing cut- 
ters, chain vise, reamer, and flar 
ing tool shown here are by Ridge 
Tool Co. Most of them are new 
but in one respect are like the 
older tools in this maker’s line 

they have the same distinguish 
ing economy of line and bulk 


KEY CUTTING has been mad 
so automatic that it was possible 
to enclose this machine (below) 
completely. Width gage at top 
automatically sets cutting tool 
at proper width. Sample key is 
inserted in right-hand slot, key 
blank at left After tightening 
hand knob, switch is pushed and 
the rest is automatic. Made in 
Switzerland for Independent 
Lock Co, new machine’s man 
ually operated predecessor i 


shown beside it 


PORTABLE ELECTRIC GENERATOR consists 
of single-cylinder, 4-cycle gasoline engine, and 

a repulsion-induction electric motor (1/16 

to 3-hp ratings available) in a two-piece 
fiberglass-reinforced housing that should help 
to make carrying, stowing and keeping clean 
easier, and operation quieter. Measuring 

18 x 17 x 17 in. and weighing 80 lb, 

generator’s output is 1250 w. Made by Pesco 
Products Div, Borg-Warner Corp 


10-14 
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Hardware Show * 


vr building, plumbing, h« 
and other trades by Stanley Ele« 
tric Tools will cut flush up or dow! 
left or right without additional attact 
ments. Front auxiliary handle swi 
to any of five different positions 
ELECTRICAL TOOLS to provide by Disston Div, H K Porter Co Ine new soldering irons (5) by Porta 
added protection from electric shock has its motor (3 amp, 1800 rpm no Electric Tools Inc contrast sharply 
and reduce weight, Zytel nylon cases load) in a stand-up pedestal ise their styling. Light-colored, delicately 
are used for electric drills (1, 2) made Chuck is driven by spiroid gearing modeled, light-duty gun at top looks 
by Millers Falls Co (3 ..7 amp) Design is said to provide more exact enough like a curling iron to tempt 
and Lesto (Swiss made, h duty in-line” grip position, shorter over-all even the lady of the house to try 
in., 2.6amp). A \%-in. drill (3) made length for tight corners, full four hand at soldering’ 


x il é 


POWER LAWNMOWERS — cylin 
drical cutting head, with blades 
positioned not unlike those of reel 
mower, replaces rotary knife in the 
model made by GRP Turbo Co (at 
right). Central position of cylinder 
should put blades as far out of 
reach of carelessly placed hands 
and feet as possible during normal 
operation. Blade design and direc 
tion of rotation is also expected to 
reduce chance of blade _ turning 
stones and other such objects into 
dangerous projectiles. Venturi ef 
fect of cylinder and aluminum hous 
ing is said to suck grass upright 
into optimum cutting position. Ef 
fects of styling on appearance of 
similar products is offered by ride 
on mowers made by Shaw Mfg Co 
(top left) and Gilson Brothers Co 
(bottom left). Relocation of motor 
behind driver is an important im 
provement, but placement and or 
ranization of controls couid be im 
proved in both machines. Also, the 
Shaw mower is easier to get on and 





f, perhaps because it is lower 
but there are certainly more things 
to catch your foot on 
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Only $285 
per pound 
(prox!) 

—and 
They're real 
space 


savers, too. 








The Series BH100 


vent-\V-erew 


The instrument with the TAPE-SLIDEWIRE 











for PETROLEUM, CHEMICAL, STEEL, 
ALUMINUM and other processing plants... 
to accurately indicate 
TEMPERATURE, FREQUENCY, FLOW, 
LEVEL, PRESSURE, R.P.M., WEIGHT, etc. 





Every function of the producing plant may be ‘ 
measured and controlled with high accuracy. V9 the size 
Ideally small and designed for uniform panel 
installation, the MILLI-V-METER is completely 2 
self-contained...including power supply, servo 10 times the 
unit, slidewire and amplifier: Every measure- accuracy 
ment exhibited on the counter is a precisely of standard instruments 
(electronically) calibrated value. 
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QUALITIES Produced by 


Accuracy 1 part in 1000. Laboratory precision for the makers of Jetcac® 
industry or the military. jet engine Analyzer 
Compatibility with any transducer—AC or DC. ” re military 
For strain gage, linear differential transformer, ther- and airline use 
mocouple, thermistor, resistance thermometer, pulse 
or variable frequency circuits or systems Full information 
Operates directly from 60- or 400-cycle power as is available for the asking! 
specified. 

SPECIAL FEATURES Sales-Engineering Offices 


‘ : ; f ATLANTA, GA.; COMPTON, CAL 
For Recording ...a re-transmitting slidewire may be pro- DAYTON, OHIO; WICHITA, KAN 


vided within the case. VALLEY STREAM, L.I., N.Y 

For Controlling ...switch contacts may be provided to TORONTO, ONT. (George Kelk Ltd.) 

operate control units, remote indicators, or printers. ea, SREY, NLD 
ryans Aeroquipment Ltd.) 

For Computers or Telemetering...counters with decimal 

outputs may be added 


HOWELL INSTRUMENTS, INC. 


FORMERLY B&H INSTRUMENT CO., INC. 


3479 WEST VICKERY BLVD. + FORT WORTH 7, TEXAS 


CIRCLE 26 ON READER SERVICE CARD 





| READER TO EDITOR | 








The Gravity Clock 


l'o the Editor 

The item on page 12 in your Aug 
22 issue describing a gravity “clock” de 
signed by V. N. Kuznetzov of Moscow 
intrigued me. Your publication exhibits a 
refreshing standard of accuracy; however 
I wonder if you would verify several point 
brought out in the description of the d 
vice. It states in the description that at 
noon in the summer the clock indicator is 
deflected 12 mm below its center. Am | 
correct in understanding that this means 
that the clock weight has moved from it 
medial position to a point closer to the 
earth? And when it indicates 12 mm above 
its center at midnight, the clock weight 
has moved from its medial position and 
iway from the earth? 

While on the subject of gravity, I would 
ike to comment on the article in your 
September 26 issue, p 15, on the Halls 
Robinette gravity tests with a Foucault 
pendulum. They succeeded in duplicating 
Maurice Allias’ series of experiments with 


orded his deviations during a solar 


one important exception: Dr Allias r 
lipse, the American experiments wer¢ 
mducted during a lunar eclipse. This dif 
fereuce in test conditions caused the var 
tions recorded in the two test 
In 1, when one truly understands wl 


kK 


igi 
ind 
gravity to reé 
mg as it did 
WILLIAM STRUMBOS 


Northport, NY 


pinion is that you are correct in 

ir analysis that the clock weight has 
moved closer to the earth at noon in sum 
mer. We are not sure about your second 


inalysis. This could be true.—EJ1 


Denial by Union Spokesman 


lo the Editor 
In your Aug 29 issue, p 15, you print 
in article “Are Professional Engineering 
Unions on the Way Out?” That article 
made two points, regarding the Engineer 
ind Scientists of America, with which I 
take violent exception 
| One of the problems now besetting 
ESA is a decision on whether the 
national organizations should accept 


; 


mly professionals, or technicians a: 
vell.” This is not a problem confront 
ng ESA. It was a problem during the 
irly days of our existence but we solved 
t. We decided to accept only profes 
onals. The decision is final and we 
ire happy with it. We are not going t 
hange it now or ever 

In light of recent reverses, ESA i 
mntemplating an alliance with AFTE 


continued on page 
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ONE pump becomes MANY .. . saving you pump dollars 
... giving you a wide range of clear water, non-clog and 
other liquid-handling modifications ... when you stand- 
ardize your pumping operations with Fairbanks, Morse 
ADAPT-ABLE pumps. 
F-M ADAPT-ABLES consist of a pump frame and simple 
adapter to which can be attached a wide variety of F-M 
hydraulic ends with enclosed, semi-open or non-clog im- 
$ pellers.. Conversion is easy... inexpensive, too. 

, F-M ADAPT-ABLES are ‘‘NEMA-Matched’’: pump mounting 
dimensions are standardized with similar dimensions of 
Nema-driving motors. Gone is the need for make-shift 
height-adjusting blocks and odd-bore couplings! 

The ADAPT-ABLE design means that the most economical 
“frame size may be selected to match the motor horsepower 
‘ requirements of the pumping job. 

‘ And there are other advantages: choice of mechanical 
seals or conventional stuffing boxes with easy field change- 
over from one to the other . . . interchangeable bearings 
for pumps and motors. For special liquid handling prob- 
lems, hydraulic ends can be specially alloyed to fit the 

' ; needs: we've been solving such problems for generations. 
Regardless of what liquids you.pump... or where... 

Fairbanks, Morse builds pumps and matching power units 

. for your use... in a greater range of sizes, types and capac- 

ities than anyone, anywhere. Start SAVING pump and 

motor dollars by putting F-M's vast hydraulic experience 

to work in your plants, process lines and products... now! 


.\) 


nema-matched adapt-ab/es 


-- A Dt & pumps tw ONE package / 


* 





mf 





*. THE PROUDEST NAME IN PUMPS 
Pump and Hydraulic Division « Kansas City, Kansas 


A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 
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In a typical application of the POST Diazo Materials Selector Chart, a 
draftsman, supervisor and reproduction specialist solve a special print-making 


problem in short order. 


Solve unusual 
reproduction problems 
with new Diazo 
Selector Chart 


Keeping up with rapid developments 
in graphic reproduction and com- 
munication techniques is a difficult 
job these days, even for the experts. 

From the engineer’s and drafts- 
man’s peint of view, it’s largely a 
matter of sorting out the specific 
information which helps him do a 
better job. 

The new Post Diazo Materials 
Selector Chart does just that—pro- 
vides a condensed, tabular reference 
piece that helps you anticipate the 
ideal diazotype prints for various 
needs before they occur. This con- 
venient chart gives brief informa- 
tion on sensitized papers, interme- 
diates and specialties in terse ‘‘ what, 
when, why and where’”’ style. 

If you’re concerned, for instance, 
with print distribution to different 
departments, units or groups, then 
prints on a variety of colored stocks 
might be the answer. 


PAPERS & CLOTHS @ TRACIN & DRAWING 


ERING EQUIPMENT & DRAFTING 


SUPPLIES @ FIELD EQUIPMENT & 


Increasing print production from 
diazo equipment with a lower-power 
light source making legible 
prints from worn old tracings 
even making copies from an opaque 
print .. . all can be handled by use 
of new Post 206M-14, a fast, extra- 
sensitive whiteprint paper. 

Suppose a design conference calls 
for a poster, actual size, made from 
a large engineering drawing, rigid 
enough for display, tough enough 
for extreme handling and on-the- 
spot sketches? Post diazo-sensitized 
cardstock in 32 or 50 lb. weight can 
turn the trick on standard reproduc- 
tion equipment, ammonia process or 
semi-moist. For many more helpful 
solutions to similar situations, ask 
for your personal file-size copy, of 
the Post Selector Chart, available 
from your Post dealer or Frederick 
Post Company, 3642 North Avon- 
dale Avenue, Chicago 18, Illinois. 


MEDIUMS @ DRAWING INSTRUMENTS & SLIDE RULES 
DRAFTING FURNITURE 
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continued 


READER TO EDITOR 


ESA has never, is not now, and is never 
going to contemplate an alliance with 
AFTE. 

You also quote Joseph Amann, president 
of ESA, as saying “he personally favors th« 
move, and has begun a program of edu 
cation and reorientation among members to 
build member sentiment.” Joe assures me 
he was completely misquoted. However 
that may be, I can assure you that he is 
much too completely aware of the senti 
ment of the ESA Member Units to begin 
such a “program” even if he favored it 
which I strongly doubt 

Since our association is the largest mem 
ber unit in ESA, and hence contribute 
the largest amount in dues to it, I am in 
a position to extend to you the most un 
equivocal and the most authoritative assur 
ance that your statements quoted above are 
completely incorrect, and I do so now 

Dan N Henpricks JR 
President 

Seattle Professional Engineering 
Emplovees Assoc 


@ We have checked the accuracy of these 
statements with Mr Amann. He 
that informal merger talks have taken place 
between AFTE and ESA. But he empha 
sizes that no formal program has been 
undertaken as yet.—Ed 


verines 


COMING EVENTS 

NOVEMBER 

14-17 . American Institute of Elec- 
trical Engineers, Magnetism & Magnetic 


Materials Exhibit, Hotel New Yorker, 
NYC 


14-18 
and Manufacturing 


American Society of Tool 
Western 
Engineering Conference and Exhibit, Los 
Sports 


Engineers, 


Angeles Memorial Arena, Los 


Angeles 


16-18 Porcelain Enamel Institute, 
22nd Annual Shop Practice Institute, Univ 
of Illinois 


Urbana 


27-Dec 2. American Society of Me- 
chanical Engineers, Winter Annual Meet- 
Statler Hilton Hotel, NYC 


ng 


DECEMBER 


5-8 . . . . American Institute of Elec- 
trical Engineers, National Conference on 
Application of Electrical Insulation, Con- 
rad Hilton Hotel, Chicago 


13-15. Institute of Radio Engineers 
jointly with AIEE & ACM, Eastern 
Joint Computer Conference, Hotel New 
Yorker & Manhattan Center, NYC 


JANUARY 


9-13 . Society of Automotive Engi 
neers, International Congress & Exposi 
tion, Cobo Hall, Detroit 
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ELECTRONICS....HYDRAULICS....HEAT TRANSFER....LUBRICATION 


NUCLEONICS....SONICS....COOLANTS....DIELECTRICS: 


Monsanto Specialized Fluids and new 
FluiDesign Service can help you benefit from 


A RENAISSANCE | 
ENGINEERING DESIGN 


Conventional fluids (water, oil) impose well-known restrictions on engineer- 
ing designs. Heat, radiation, fire hazard, shear, electrical requirements, 
extreme pressure, friction—all cause problems—limit you in design flexibility, 
in imaginative thinking, in new ideas. 


Monsanto’s specialized synthetic fluids—chemically tailored to minimize 


many design restrictions in power transmission, lubrication, heat transfer, 
insulation, cooling —make new and improved designs practical. Spawned by 
advances in specialized fluid properties and broadening of fluid functions— 
a renaissance in engineering concepts is starting now. These specialized 
fluids open new design opportunities for your exploration. 


Monsanto’s new FluiDesign Service—established to help you meet your 
needs best from the capabilities of some thirty specialized fluids—can give 
you valuable guidance at the outset of your design exploration and engineer- 
ing planning. For example, the next two pages provide you with the 
FluiDesign Service Report, ““Heat-Stable Fluids for Critical Thermal Con- 
ditions.”” Among the thermally stable and radiation-resistant fluids de- 
scribed, one or more may allow you to engineer your next design for un- 


equaled efficiency. 


Be sure to get your fact-packed Fluid Data File... 
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From Monsanto FluiDesign Service... 


Rapid evaporation, variable viscos- 
ity, foaming, cavitation, and “‘gunk- 
= ing up” at high temperatures are 
shortcomings of many common 


functional fluids. They are symptoms 
of thermal instability that bedevils 


operation of equipment. 
Monsanto has developed a whole 
series of heat-stable synthetic fluids 


that eliminate many restrictions on 
new equipment design—/or applica- 


tions that demand optimum thermal 
stability. These chemically synthe- 
sized fluids include silicate esters 
chlorinated polyphenyls, poly 


phenyls, and polyphenyl ethers 
Some perform at freezing tempera- 


tures below minus 65° F. Others 
withstand continuous scorching 
heat above 800° F. Many are fire- 
resistant, radiation-resistant, 
noncorrosive. They give long, low 
maintenance service as heat trans- 
ferants, as lubricants, as hydraulic 
fluids, as dielectrics in high- 
temperature applications 





, Coolanol Coolanol Aroclor 
Monsanto Fluid 35 45 1232 





| 
| 
| 


Properties 








Max. bulk temp., °F. 
long term 





Radiation resistant . . . No 











Thermal conductivity 
Btu /hr./ft.2/ft./°F. . «| 0.080 


Specific heat, (@, 25°C.. .| | 0.45 

















Boiling point, °F. 
760 mm.Hg.... .| -700 














| Flash point, °F. 
Cleveland Open Cup .| 370 





| Fire point, °F. | 
Cleveland Open Cup .| 430 








Auto-ignition temp., °F. . | oes 700 





Viscosity, cs. 
a 1380 934 2400 er ant 
Dis « « *: (eee 6.8 6.5 12.2 4.6 6.9 
> oe 2.2 2.2 3.95 < 1.8 < 1.8 





Coefficient of thermal 
expansion, per °F. . . 0.00046 0.00047 0.00048 0.00039 0.00040 


Specific gravity ¢25°/25°C. 0.88 0.89 0.89 1.18 1.26 
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Monsanto offers a family of unique 
new fluids—polyphenyl ethers—that 
outperform all other known lubri- 
cants and hydraulic fiuids in high- 
temperature operations. Their useful 
temperature range exceeds other 
thermally stable fluids by 100° to 
400° F. The polyphenyl ethers not 
only match the lubricity and viscos- 
ity indices of other good lubricants, 
but also possess superior hydrolytic 


stability. 
ay | Py aS, 


Photos courtesy of Prott & Whitney Aircraft 


Test rig parts for evaluating prop- 
erties of jet engine lubricants show 
how a polypheny!l ether (left) leaves 
the rig parts clean, free of deposits, 
and with no evidence of wear. Photo 
at right shows deposits and general 
condition of parts using one of the 
best synthetic lubricants available 


prior to development of polyphenyl 
ethers. Both tests were run at a bear- 
ing temperature of 500° F. for 100 
hours at a speed of 10,000 rpm. 


Some Monsanto fluids are so 
radiation-resistant and thermally 
stable that they are used in the tor- 
turous environment of the nuclear 
reactor. Under an A.E.C. contract 
to develop low-cost electricity from 
nuclear power, Atomics Inter- 
national designed and built an ex- 
perimental reactor at Arco, Idaho... 
using Monsanto terphenyl com- 
pounds as the coolant-moderator and 
heat-transfer agent. Nearly three 


years of testing indicate that these 
stable Monsanto fluids can success- 
fully and economically transfer the 
tremendous heat of the “nuclear 
furnace”’ to steam generators. 


Check the fluids described below for 
application in equipment you are 
using or developing. Monsanto can 
supply you with a thermally stable 
fluid to solve virtually any critical 
problem of high heat or radiation. 
By advance planning with Monsanto 
FluiDesign Service, it is possible to 
“chemically tailor” a stable syn- 
thetic fluid to your precise needs. 


Samples of the fluids shown will be 
sent to you for evaluation on request. 
Please specify the particular fluid 
that interests you and state the 
nature of the application, so that 
pertinent details can be sent to you. 
For further information on avail- 
able fluids, request a copy of Flui- 
Design Service’s FLUID DATA 
FILE. Simply write on your com- 
pany letterhead. 


HB-40, Aroclor, Coolanol, Sontowox: Monsanto T.M.+, 
Reg. U. S. Pat. Off. 


Monsanto Chemical Company 
Organic Chemicals Division 
FiuiDesign Service, Dept. 2765-8 
St. Louis 66 Missouri 


Monsanto 





Aroclor 
1242 


Aroclor 
1248 


Aroclor 
1260 


OS-124 


(polypheny! R 


ether) 


Santowax 











800 





No 





Yes 





0.054 


0.077 





0.26 


0.34 








689 


982 








None 


550 





* 662 


660 








* 1200 





1135 








45.3 
3.2 


46.4 
6.14 


75, 


363 
13.2 


29° 
3.9 





0.00038 


0.00039 


0.00037 


0.00037 


0.00033 


0.00041 | 


0.00052 | 





1.38 





1.45 





1.54 





1.62 





1.204 


1.002 





0.955 | 
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STRAIGHT 
FORMED... 


VULCAN FINNED 
HEATERS 


Both Vulcan Finned Strip 
and Tubular Heaters are avail- 
able in a wide range of straight 
lengths. In addition, Finned 
Tubular Heaters may be formed 
in a variety of hairpin bends. 

Vulcan Finned Heaters pro- 
vide six times more effective heat 
transfer surface than conven- 
tional elements. This makes 
them ideal for use in blower 
type electric unit heaters; duct 
heating; unit convection heat- 
ing; as oven or space heaters in 
dryers, pump rooms, etc.; base- 
board room heaters and 
many other applications. 

Write for catalog describing 
standard sizes, wattage and 
voltage ratings, sheath metals, 
terminal construction, and 
prices. 








VULCAN ELECTRIC COMPANY, 
Danvers 18, Mass. 
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The following problems are from “Problems Guide, Vol V, Quartermaster 
Corps.” This is one of a series of eight such booklets recently published 
under direction of the Chief of Army Research and Development. (For prob 
Oct 17, p 32 
Suggested solutions to these problems and requests for 
Commanding General, Quarter 


lems from Medical Corps and Transportation Corps, see PE 
and Oct 31, p 32.) 
copies of this guide should be directed to 
master Research and Engineering Command, Natick, Mass 


. an identifying and locating marker for airdropped supplies that does not 
radiate infrared or electromagnetic energy. Supplies dropped to troops cannot 
be quickly recovered and are sometimes lost because of unfavorable ground 
Further, it is difficult 


to tell one kind of supply from another at a distance under these conditions 


conditions (darkness, fog, bad weather, rugged terrain) 
Suggestions for the dual-purpose locator/identifier are: mechanical sound gen 
erators, self-contained light sources (other than infrared), coded sounds, coded 


lights, luminescent tapes and patches. 


1 portable booster for increasing the 
individual soldier’s strength, endurance, mo 
bility. This suggestion has been called the 

servo soldier” concept The idea is to 
provide the man with a set of power-multi 
plying devices which he wears on his arms 
legs and torso to increase his lifting, crawl 
ing, running and climbing ability. The ad 
ditional “muscles” would be controlled by 
the natural movements of the wearer (in 
much the same fashion as an automobile’s 
power steering) and powered by a portable, 
self-contained power pack Ihe devices 





would have to be pivoted at the shoul 
ders, elbows, waist, hips, knees, and ankles 
so that the man could move naturally without having dexterity impaired. 
Besides increasing his combat endurance, the booster units would permit him 
to handle heavy cargo, push vehicles, etc. Major problems are: (1) providing 
sufficient articulation and control for the required agility, (2) adapting the 
mechanism to the soldier and (3) developing a small, quiet, fully portable 


power source capable of approximately 4 hp for at least 10 hours 


goggles to protect the soldier’s eyes from the flash-blinding effects of 
nuclear explosions. The Quartermaster Corps envisions goggles with lenses 
that are normally transparent but turn opaque (optical density close to 4) when 
light intensity increases. Ideally, the flash inhibitor would work like the iris 
on a camera that has a photoelectrically controlled lens opening: lens material 
would change its transparency with changes in ambient light. But response 
time must be short—significantly shorter than the time it takes the iris of a 
normal eye to adapt to unusually dim or unusually bright light. There are no 
such materials available at the present time, but recent research with unusual 
This includes cis-trans rear- 


physical and chemical reactions shows promise. 
center effects and other 


rangements, salt isomerism, redox reactions, “I” 
mechanisms that change optical properties by a reversible physical or chem- 
ical reaction. 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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yuu 


insulation 


permeability — Nothing 


ap * 


— 


Stoner's SMR has broken through 

the thermal sealant barrier that 

has faced the missile and rocket 

industry for many years 

The varied shapes and forms that 

this versatile material has taken 

includes: chamber sealants; liners You name the degree of temperature 
insulation for head closures; high 
temperature insulation prefab 
ricated proofed sleeves and 
bladders, as well as other 
far r 


to be met... in friction-tortured nose-cone 
or near-absolute testing chamber. 


st neniinstinns You name the rigorous stresses to be encoun- 


ar cket 
components tered ... the severe pressures or corrosive atmospheres. 
SMR is also being used to advan 
tage in plastic molding compounds 
and pre-preged laminates deliver a “living metal” bellows assembly that answers it! 


You name the problem ...and our engineers will 


*SMR is a special Silicone Modified Custom-designed and manufactured by the company 
Rubber produced by Stoner Rubber “ 


Company, inc that invented the seamless metal bellows, Robertshaw 


Sylphon® Bellows are available in a wide variety of metals, 





according to the properties desired ... brass, phosphor 
bronze, beryllium copper, monel, A-286 stainless steel, 
inconel, inconel-X and now in Ni-Span-C. 


Robertshaw Bellows Assemblies may be the answer to 


many of your problems... and we think you'll find a world 





of information and suggestions in our comprehensive Cata- 
SMR PROVIDES A TOUGH FREE IDEA CATALOG RP tap 

THERMAL LINER AND Technical information on og VP-R. Why not write for it today? 
RELIABLE SEALANT FOR SMR and other Stoner log VP-R. Why not ite for it . 
MISSILE AND ROCKET products in this 24 page 
CHAMBERS. This unique atalog w help you 
rubber has exceptiona ve your rubber 
ue tent Geek al 


elevated temperature 


diary of Py 


CARLISLE CORPORATION \..c &”, 


TONER RUBBER is soiaats 


COMPANY, INC. Robertshaw-Fulton Controls Co. (RiaaEEEeE 
10792 Knott Ave. Anaheim, California FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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OIL TOOLS BY THE BYRON JACKSON DIVISION 


of Borg-Warner Ww y 
East to our West Coast fe hook b 


1s and 


he Middle 
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PUMPS BUILT BY BYRON JACKSON are equally at home handling hot 
oil at 800° refinery temperatures (as shown above) or in feeding low-temperature 
liquid oxygen( 320° F_) to a modern steel furnace. Serving almost every phase of 


the oi, steel and chemical industries, BJ pumps transport essential fluids 


provide water under pressure tor cleaning, cooling and »cc jary ol recovery 


push petroleum products through thousands of miles pir ne 


BY BORG-WARNER jaggy guar 


*. Key PAs 


Among the 7 Hats of Borg-Warner 
—a helmet to symbolize our contributions 
to the oil, steel and chemical industries 


Without the tools and tecl niques of man, our 
country’s huge reservoir of oil would remain un- 
tapped today. How valuable would a deposit of iron 
ore be without men and machines to make steel? 
N wm Mas a " gts | th f STAINLESS STEEL, solid and clad STEEL BARS AND SHAPES 
Not even Nature hersell can equal the qualities 0 —processed for exceptional forming rolled by Calumet and Franklin Steel 
such modern synthetic materials as plastics abilities—is just one of the steels Divisions meetexacting specifications 
Partner to the growth and progress in oil, steel and made by Ingersoll Steel. A modern of the construction, farm equipment, 
. | ‘ } | specialty mill, Ingersollis geared to material handling and automotive in- 
chemicals are many of the d 
A meet customers analys's, size, gauge dustries. Other steel products: fence 
companies ol Borg-Warner ¢ orporation B-W's finish “specs -exactly, economically posts, tubing, special-use sections 
Byron Jackson Division, for example, has long been 
the pacemaker in special tools required to drill oil 
wells which must probe miles below the earth’s 
surface. BJ Service crews and equipment provide the 
cementing and treating techniques which keep these 
wells healthfully productive . ind BJ centrifugal 
pumps supply the pulsing power for pipelines, refin- 
ery chemical and metal-making processes. 
Three B-W division Ingersoll Steel, ¢ alumet 
Steel and Frank } ice ich quality 
specialty steels as stainiess ) | and saw steels 
and bar mill products. Marbon Chemical Division 


ivisions and subsidiary 


esponsibdie tor the cre 
s responsible ' - cI 


Borg-W irnel plastic whose balance ol propertues 


ition of Cycolac the 
, , y “BETTER IN MORE WAYS THAN ANY OTHER PLASTIC" sums up 
make it truly unique, along with reinforcing resins why hundreds of consumer and justrial products use Cycolac—the tough, 
and rubber-to-metal adhesives for the rubber industry hard, rigid ABS plastic developed and ce B-W’'s Marbon Chemical 
and synthetic resins for the paint industry Division. Famihar products CO DY f 
: , «ae Cycolac pellets inctude (lett to + 
The years ahead promise a growing need for oil, 

steel and chemicals—and promise, too, even greater 
service to these industries by Borg-Warner. 


radio case, portable mixer 


WHAT BORG-WARNER MEANS TO YOU! 


By making parts and materials ) nto re umber and variety 
of finished products ore ner in er > tivities of the 
players might well be \olded olac ito ie at transports 
spectators to the site e ’ ; ver ikely refined with the 

of Byron Jackson pur ;. And, w but a doubt ‘ ar itself 

parts made by any one of many B-W divisions Wherever y¢ 

work, play or travel Borg Warner touc 


The 7 Hats of Borg-Warner. . . (top) national 
se; ol, steel and chemicals. (middle row) 
ire industnal machinery aviation: (bot 


he automotive industry home equipment 


BORG-WARNER 


BETTER PRODUCTS 
THROUGH CREATIVE RESEARCH AND ENGINEERING 


Borg-Warner Cort ytion e sth Michigan Avenue « Chicago 4. Illinois 
5 5 
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HIGH SPEED 


FLYWHEEL 
TYPE 


TYPE 


NOW! THE COUPLING WITH THE 4-WAY FLEX 


IN TWO NEW TYPES — HIGH SPEED AND FLYWHEEL 


STANDARD 
TYPE 


THE 4-WAY FLEX OF PARA-FLEX 








TAKE 
PARALLEL MISAL 











ABSORBS 
TORSIONAL VIBRAT 
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for this 


Para-flex, tl 


at swallows up misaligt 
ment, | ww available for t 


igh speed 

applications, and for high torque at either high low speed 
The new Dodge High Speed Para-flex is specially designed for operation 
with motors and internal combustion engines that turn up to 5230 rpm. 
The new Flywheel Para-flex, with the same capabilities, has a flexing 
element that bolts directly to the flywheel of internal combustion engine 


Like the Standard Type (with capacities up to 2000 hp at 1080 rpm) these 


new Para-flex Couplings feature a modern, tire-like flexing element that 
handles angular and parallel misalignment, end-float (or any combination) 
and absorbs torsional vibration. The amazing performance of Para-flex 
Couplings is a matter of record in thousands of installations 


Ask your Dodge Distributor or write us for new technical bulletin. 


DODGE MANUFACT CORPORATION 
1200 Union Street, Mishawaka, 


ta~< 


DODGE 


Indiana 


fa Mishawaka, Ind. 


CALL THE TRANSMISSIONEER — your local Dodge 


Distribu- 
tor. Factory trained by Dodge, he « 


rive valuable help 


on ost-saving method Y nder “Dodge Transt 


telephone directory, or 


ion Equipment 
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Wherever flexible tooling or 
compounds based on THIT 


ng techniques are adapted, 
polysulfide polymer. . . 


OUTCAST HRIEM ALL/ 


When polysulfide base materials supplement plaster 
of paris in originating, refining and producing molds, 
production efficiency and economy step up. 


Properly formulated, these specialized materials 
pour easily and cure at room temperature. They are 
faithful to original models in detail and dimension. 
Accurate in reproduction. Unbreakable. Quickly 
reproducible. Unaffected by environmental condi- 
tions. Workable with practically all forms of cold 
casting media up to 250°F 
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For over 10 years—automotive, aircraft and rub- 
ber manufacturers, pattern shops, potteries, foun- 
dries, art plaster shops and sculptors have successfully 
used THIOKOL polysulfide-base molding materials to 
develop prototype models and to produce perfectly 
cast parts in both small and large volume. Cold mold 
casting materials using THIOKOL polysulfide polymer 
are made commercially available by processors such 
as The Perma-Flex Mold Company. Want to know 
more? Send the coupon 


PR 


FOR MORE INFORMATION: Mail coupon to Thiokol Chemical 
Corp., Dept. FM-41, 780 N. Clinton Ave., Trenton 7, N. J. 


Gentlemen: I’m interested in casting compounds 
based on THIOKOL polysulfide polymer. Please have de- 
tails forwarded by manufacturers of these compounds 


Name 





Firm. 





Street 








City Zone State 


Thiokol supplies only polysulfide liquid polymers as raw 
materials for compounding by others as finished products 
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Puget Electro Products 
5028 First Avenue 
Seattle 1, Washington 


7] Bell Electronic Corporation 
306 E. Alondra 
Gardena, California 


Bell Electronic Corporation 
1070 O'Brien Drive 
Menlo Park, California 


Radio Specialties Co., Inc 
6323 Acoma Road, S. E 
Albuquerque, New Mexico 


4 Engineering Supply Company 


me Denton Drive 
Dallas 35, Texas | 


Harrison Equipment Co., In« 
1422 San Jacinto St 
Houston 1, Texas 


Busacker Electronic Equipment 


Co., Inc 


1216 West Clay St., Houston 19, Texas 


Relay Sales 
P.O. Box 186 

West Chicago, | 
Srepco, | 
314 Leo Street, Dayton 4 
Pioneer Electro Supply 
Compa 

2115 Prospect Ave 


i0 Relay Su 
1492 Highlanc 
Needham 92, Massachusetts 


11 Avnet Electronics Corporat 
70 State Street 
Westbury, L. |., New York 


1 Electronic Supply 
1301 Hibiscus Boulevard 
P. O. Drawer 1655, Melbourne, Florida 





a 








CLAREED sealed contact 
reed relay—A high reli- 
ability switching device 
evailable in a variety of 
packages. 


for immediate delivery 
at factory prices 


Stepping switches—a full 
line with capacities from 
10 to 52 points and capabie 
of millions of steps with- 
out readjustment. 


Here’s what this new CLARE serv- 
ice means to you: 


Top quality—the same fine de- 
sign and long life you get in CLARE 
custom-built relays and switches 


Fast service—overnight delivery 
on many items 


Easy purchasing—because you 
can order CLARE devices along with 
other components 


Able engineering assistance 
—available through CLARE field 
engineers, working in close cooper- 
ation with CLARE distributors. 


When standard cLaRE relays or 
switches meet your needs, distrib- 
utor service saves you time, costs 
no more. When your special needs 
require custom design and produc- 
tion, CLARE custom-built devices 
give you exactly what you require. 


C. P. Clare & Co., 3101 Pratt Blud., 
Chicago 45, Illinois. In Canada: C. P. 
Clare Canada Lid., P.O. Box 134, 
Downsview, Ontario. Cable Address: 
CLARELAY 


Relays and 
Related Contro/ Components 
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DOT TEENUTS 


more than 


600 
COST-CUTTING 


= 


Since the first TEENUT was developed by Carr 
Fastener in 1927, more than 600 different modifications 
of this extremely versatile device have been designed 
and manufactured in true, mass-production quantities. 

By combining nut and washer in one solid unit, the 
DOT TEENUT offers exceptional strength and security 
and eliminates the need for tapping. Its flanged base 
can be formed with welding bosses for attachment to 
sheet or solid metal structures . . . with prongs for 
wood ... or with any number of different special bases 
for particular applications. DOT TEENUTS can be 
made in heat and corrosion-resistant materials and they 
can be provided with moisture-seals and vibration-proof, 


ER 


VARIATIONS 


self-locking barrels. 

Once mounted, the DOT TEENUT stays put and 
can’t be lost or mislaid .. . an advantage at any time 
and a necessity where blind fastening is required. 

Wide experience in the proper application of DOT 
TEENUTS and a multitude of other special-purpose 
fasteners enables your DOT field representative to pro- 
vide prompt and effective solutions to a tremendous 
variety of fastening problems. Where special design 
work is needed, he can bring you the services of a 
design-engineering group unequalled in its field. 

The DOT TEENUT catalog is an invaluable refer- 
ence... yours on request. 


y CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


Offices In: 


Ps) 
V5 <* é‘ 
TEN Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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New Design Opportunities Through Aluminum Forgings 


which bushing has }5 


is a strong, light 


because 


The Tie below 

Kaiser Aluminum forging 

Che bushing at the top, used previously on large trans 
by Westinghouse Electric Corporation, includes 

a two-piece steel and yper flange assembly with a 

The bush features the forged 


brazed joint 
aluminum flange that replaced it. Here’s why: 


1. Increased Reliability. With no brazed joint, the 


possibility of leakage at this point was eliminated, and 


testing of the flange is no longer required 


forme! 


costly 


2. Simple One-Piece Design. By designing the bushing 
flange as one piece instead of two, important cost advan- 


tages were realized over the steel and copper assembly 
g PI 


a 


X 


-— 


A 
KAISER 
ALUMINUM 
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design advantages? 


3. Added Strength. The forged aluminum bushing 


flange is stronger. During the forging process, grain flow 
lines of the metal concentrate at points of greatest stress 


to produce a part of maximum str¢ neth and toughness 


4. Light Weight. Ihe aluminum bushing flange weighs 
only one-third as much as the steel and coppel bushing 
Westinghouse saves money on shipping costs 
5. Corrosion Resistant. The aluminum bushing flange 


can'trust, resists corrosion. Costly painting Is¢ iiaanen 


Find out now how aluminum forgings can best serve 
your design requirements. We'll be glad to assist you 


just mail the coupon! 


Kaiser ALUMINUM & CHEMICAL SALES, INC. 
oe ype FO- 325 et P) Kaiser Center 
Lakesi ve, Oakland 12, California 

Please send me latest information on commercial aluminum 
forging availabilities, tolerances and hand forging designs. 
NAME. 
COMPANY. 
ADDRESS. 
Crry. STATE. 
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Imtricacy - smoothness « soundness 


only a Wauke-Sha Ceramic-Type Casting can 
duplicate the intricacy, smooth finish, soundness 
...to absolute tolerances...in unlimited size 


intricate parts with no costly machining 

hairline reproduction of detail 

no cracking or tearing 

no porosity, internal voids, cracks 

no surface gas holes, blemishes, non-metallic inclusions 


Absolute dimensional accuracy plus greatly increased heat and 
stress resistance are critical to today’s intricate designs. Wauke- 
Sha process will provide low-cost castings to fill these demands 
. . . castings which are, in many cases, more accurate than ma- 
chining, with “‘as cast’”’ dimensional tolerances of +.005” per inch. 


Full design flexibility is a major advantage of this newly devel- 
oped casting technique. Thin-wall designs require no expensive 
machining; no fear of voids with light and heavy adjacent sections. 


For further information on Wauke-Sha Ceramic Type Cast- 
ings write: 


Dept. F-9, Waukesha Foundry Co., Waukesha, Wis. 
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FALK and STEELFLEX are Registered Trademarks 


Cut disconnect-reconnect time 


by as much as 5@)% 


The FALK Spacer Coupling is specially designed for quick installation or 


removal without disturbing the driving or driven unit. This feature can save 
you up to 50% in disconnect-reconnect time when critical equipment— 


a process pump, for example—needs repair or replacement. 


Here's another saving: with the FALK Spacer Coupling, you can quickly 


realign shafts without the usual loss of operating temperature! 


And still another: you can remove or reinstall the FALK Spacer as a unit 


without draining the lubricant. 


Because of its exclusive grid-groove Steelflex design, the FALK Spacer 
can accommodate residual misalignment—parallel, angular, or (most 
important) both. Also, it provides torsional resiliency that cushions shock 


and vibration. Thus it saves wear-and-tear on your connected equipment. 


To prove these claims and enjoy these savings, install a FALK Spacer 
on one application—and see for yourself. Consult your FALK Representa- 


tive or Authorized Distributor. 


THE FALK CORPORATION, MILWAUKEE 1, WISCONSIN 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 
Representatives and Distributors in many principal cities. 


EASY AND QUICK TO INSTALL, 
DISCONNECT OR RECONNECT 
First, mount shaft hubs to allow proper 


distance between hubs; then, align driv- 
ing and driven units. 


Second, compress Spacer to fit space 
between hubs and tighten cap screws to 
pull spacer hubs into the registered fit. 


To disconnect, reverse the second step. 
No draining of lubricant necessary. 


The heart of the FALK Spacer 
... the basic Type F Steelflex 


Write for Service Manual 4838 


FALK 


.a g00d name in industry 





BUILD IN 
STRENGTH 
AND 

LIGHT WEIGHT 


ana th 
EGRAIN STE 


In a wide variety of applications N-A-X FINEGRAIN—a low- 
alloy high-strength steel—can bring important weight 
savings without sacrifice of strength and safety. When you 
design N-A-X FINEGRAIN into your product, you get all 
these advantages: 


e@ It is 50% stronger than mild carbon steel. 
e Polishes to a high luster at minimum cost. 
e Can be cold formed readily into difficult stampings 
without surface disturbances. 
Is stable against aging. 
Has high fatigue life with great toughness. 
Has greater resistance to wear and abrasion. 
Is readily welded by any process. 
Offers greater paint adhesion. 
Has twice the resistance of carbon structural steel 
to normal atmospheric corrosion. * 
*Where greater resistance to extreme atmospheric corrosion 
is important, our N-A-X HIGH-TENSILE 1s recommended 
Sound like something for you? A thoroughly competent 
metallurgical service organization is available to work with 
you on any application problem you may have. Write, 
wire or phone Product Development Department, Great Lakes 
Steel Corporation, Detroit 29, Michigan. 


A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 








Loak for the STEELMARK 
on the products you buy; place 
it on the producta you sell 
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Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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A torque converter...and 4-speed transmission in one compact package! 
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More Performance At Less Cost: 


HY DRA-DRIVES’ 


Proved in hundreds of vehicles for four years, 
these units assure top work output of heavy- 
duty equipment... at a lower initial cost than 
other models of comparable performance. En- 
gine lugging and heavy shock loads are elimi- 
nated. A 3 to 1 torque multiplication makes 
starting fast and effortless—even with heaviest 
loads. 

Just a flip of the operator’s lever accomplishes 
power shifts within each range and without any 
interruption of the power flow. 


CDB POWER SHIFT TRANSMISSION 


With four speeds forward and reverse, the 
CDB Hydra-Drives Power Shift Transmission 
is ideally suited for vehicles which must travel 
in both directions during a normal work cycle. 
Rated at 550 ft. lbs. input torque, it can be used 
with a wide range of internal combustion en- 
gines up to 250 H.P. 

The CDB model illustrated above is used in 
connection with a size “C” drop box. 

A BDB model is also available, for use with 
a size “B” drop box on equipment up to 175 H.P. 


A fuithoe FROaM«E of... ROCKWELL-STANDARD VY 


CORPORATION 


Transmission and Axle Division, Detroit 32, M 
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Recordak microfilms more than meet 
DOD requirements! 


Recorpak Precision Microfilming gives you upon the quality of your microfilm pictures. They 
hetter than 120 lines per mm resolution at must be completely legible when checked in film 


30 to 1 reduction ratio. readers . . . and they must also produce accurate, 
easy-to-read paper prints and duplicate micro- 


This assurance of high-quality reproductions on films. 


ow-cost 35 cord icrof hould be . — _ 
_ mm Recordak microfilm shoul Send for free booklet giving details on this pre- 


important news for all firms working with the ‘ 
I . s for all firms 5 cision microfilming system available through 


ei . 
rer - ‘ rlar ‘a e . . 
Government. And equally important for all others Recordak and its nation-wide dealer organization. 


who plan to automate their engineering draw- 
ss eeeeees MAIL COUPON TODAY..«.---+---- 


RECORDAK CORPORATION EB-11 
415 Madison Avenuc, New York 17, N.Y. 


ing files for increased efficiency. 
It’s a fact, proven many times over, the success of 


an automated drawing program depends main/) : 
Gentlemen: Send free booklet describing Recorpak En 


necring Drawing System. No obligation what 


Nam agin 





eed R 
mma , 
=RECORDERK Company 

(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 33rd year 
IN CANADA contact Recordak of Canada Ltd., Toronto 


Position 





Address 





City " _. Zone _ State 


eee eee eee eeeeeeeeeeeeee 


eeeeeeeee eseeeeeeeeeeeeeeeeeeeeeeeeneeee 
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A torque converter...and 4-speed transmission in one compact package! 


46 


More Performance At Less Cost: 


HY DRA-DRIVES*’ 


Proved in hundreds of vehicles for four years, 
these units assure top work output of heavy- 
duty equipment... at a lower initial cost than 
other models of comparable performance. En- 
gine lugging and heavy shock loads are elimi- 
nated. A 3 to 1 torque multiplication makes 
starting fast and effortless—even with heaviest 
loads. 

Just a flip of the operator’s lever accomplishes 
power shifts within each range and without any 
interruption of the power flow. 


CDB POWER SHIFT TRANSMISSION 


With four speeds forward and reverse, the 
CDB Hydra-Drives Power Shift Transmission 
is ideally suited for vehicles which must travel 
in both directions during a normal work cycle. 
Rated at 550 ft. Ibs. input torque, it can be used 
with a wide range of internal combustion en- 
gines up to 250 H.P. 

The CDB model illustrated above is used in 
connection with a size “C” drop box. 

A BDB model is also available, for use with 


a size “B” drop box on equipment up to 175 H.P. 


Ataithier Fou of. . ROCKWELL-STANDARD R 


CORPORATION 


Transmissi« 
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Recordak microfilms more than meet 
DOD requirements! 


Recorpoak Precision Microfilming gives you 
better than 120 lines per mm resolution at 
30 to 1 reduction ratio. 


This assurance of high-quality reproductions on 
low-cost 35 mm Recordak microfilm should be 
important news for all firms working with the 
Government. And equally important for all others 
who plan to automate their engineering draw- 


ing files for increased efficiency. 


It’s a fact, proven many times over, the success of 


an automated drawing program depends mazn/) 


SRECORDLRK* 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 33rd year 
IN CANADA contact Recordak of Canada Lid., Toronto 


PRODUCT ENGINEERING - NOVEMBER 14, 1960 


upon the quality of your microfilm pictures. They 
must be completely legible when checked in film 
readers . . . and they must also produce accurate, 
easy-to-read paper prints and duplicate micro- 


films. 


Send for free booklet giving details on this pre- 
cision microfilming system available through 


Recordak and its nation-wide dealer organization. 


RECORDAK CORPORATION EB11 
415 Madison Avenuc, New York 17, N.Y. 


Gentlemen: Send free booklet describing Rec« 


necring Drawing System. No obligation what 


Name 





Company 





Position 





Address 
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The MOBLIN G B-52G triple-threat nuclear bomber — a 
major weapon in the current SAC deterrent force—recently 
carried two big missiles over the North Pole on a 10,800 
mile nonstop flight. The flight was another example of a suc 
cessful effort by the SAC-industry team to provide constant 
refinement and maintenance of the Strategic Air Command's 
big stick’’ fleet of heavy and medium jet bombers. Designed 
Originally as a platform bomber, the B-52G can now carry, in 
addition to its bomb load, two North American ‘“‘Hound Dog 
GAM 77 missiles capable of tracking down targets hundreds 
of miles from their launching point. This makes it possible 
for the big ship to strike at three entirely separate targets in 
one raid. The B-52G transports a gross weight of nearly half 
a million pounds, and Alcoa® Extrusions help carry the load 
Now included in the main wing section are 75-ft extruded 
7178-T6 Alcoa Aluminum alloy panels which make possible 
fuel storage in nearly the whole in-spar area (out to the ex 
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ternal underwing fuel tanks). The external fuel tanks provide 
still additional range 
By shaving some 10,000 Ib from the previous model, the 


B-52G range is increased by about 6 per cent a weight 
saving accomplished mainly by a redesign of the wing struc 
ture. Boeing engineers greatly increased interior fuel storage 
replaced fuel bags with an integral wing configuration 

Alcoa Extrusions—in widths up to 35'/% in.—are actually 
extruded for the B-52G in the ‘‘V’’ shape (pictured at right) on 
one of Alcoa’s 14,000-ton extrusion presses. They are then 
cold rolled into the flattened cross section. The part is sent 
to Goodyear Aircraft Corporation, Litchfield Park, Ariz., for 
machining and assembling into a portion of the center wing 
section. Goodyear, in turn, ships the completed unit to Boeing 
Airplane Company, Wichita, Kan., for installation in the air 
plane. Extensive machining, riveting and assembly operations 
are eliminated by the use of these large extrusions—and the 
required strength is obtained with less weight than would be 
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necessary if the wide section were built up from smaller pieces. 

Mammoth presses are only a part of the story. Complex 
auxiliary equipment, including a 120-ft-long stretcher (with 
3,000,000-Ib pulling force), roll straighteners and detwisters, 
enables Alcoa to extrude shapes that put the metal where it 
is wanted! With this extrusion equipment, Alcoa can produce 
closed-end containers up to 44 in. in diameter, stepped or 
other type extrusions up to 2,500 Ib total weight, extrusions 


Alcoa puts the metal where you want it 
—in extrusions, castings, forgings, screw 
\ machine parts and impacts 
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“BIG STICK” 
10,800 


4&* 


we 


up to 39 in. in width, tubing of uniform or variable wall! up to 
191% in. inside diameter. In addition to aircraft and other 
defense applications, large shapes extruded by Alcoa find 
uses in the electrical industry, pipelines, truck, bus, trailer, 
ship and architectural construction 

For more information, write Aluminum Company of America 
908-L Alcoa Bidg., Pittsburgh 19, Pa. World-wide sales through 
Alcoa international, Inc., 230 Park Avenue, New York 17, N.Y 


Warcoa ALUMINUM 





ALUMINUM COMPANY OF AMERICA 
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Some ideas for savings 
through cold forming 


Technical-tties 
By Fred E. Graves 


Fastening of 
‘'vibration’’ joints 


With static assemblies, your 
only fastening worry is enough 
safe load capacity. But with 
dynamic loading, you also have 
to guard against loosening. 
HIGH THREAD TENSION 
You'll find one of the best lock- 
ing mechanisms within the 
fastener itself: high thread 
tension. Obviously, the tighter 
the fastener, the higher the ten- 
sion and the better the “lock.” 
CASE HISTORIES 
(1) Textile looms notoriously 
suffer from vibration. Yet their 
bolts stay tight without any 
locking device when highly pre- 
loaded. (2) Heavy duty shakers 
had joint loosening problem 
which was solved for good 
when the maker switched to 
high strength hex bolts torqued 
up almost to yield strength. 
Using split lock washers gives 
no such guarantee against 
loosening. It becomes equiva 
lent to a solid washer at a rela 
tively low load level. Once the 
screw has loosened to the point 
where the washer becomes a 
spring, it’s too loose for safety. 
When you can’t fully utilize 
a high strength fastener, go to 
a bolt with prevailing torque 
lock nut; or to a unit that com- 
bines high thread tension along 
with a high off-torque value 
(such as RB& W’s TENSILOCK 
fasteners—see Bulletin TL-2.) 
With vibration joints involving 
thin gauge or sheet metal, it’s 
better to use a thread-cutting 
screw, than a machine screw in 
tapped hole. It gives 100% depth 
of thread contact for more 
thread friction to resist backoff. 
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It generally costs less to cold-form 
a part than to machine it, since 
there’s less scrap loss and more 
speed. The cold working strengthens 
the part, too—improves its physicals 

These four cases show what hap- 
pened when designers and produc- 
tion men referred their needs in 
special parts to RBaW. 


Ball-head stud. Formerly pro- 
duced on screw machine, this 
truck mirror pivot suffered high 
scrap loss, cost 75% more than 
it did when RB&W produced it 
by cold forming and some second- 
ary machining. 


Spacer. Cost of this automobile 
trunk hinge spacer was cut 50% 
when RB&W cold-formers took 
on the job of pounding them out 
at high speed, finely finished and 
ready for installation. 


Taper plug. Time and money 
were both saved by manufac- 
turer of expansion bolts who 
came to RB&W to make these 
parts. Cold headers formed them 
faster than screw machines, and 
with zero scrap. 


Adjustment cam. Cold forming 
affords the only economically 
feasible way to produce this part 
Due to its large eccentric and 
hex end, machining and mate- 
rial costs would be excessive. 


These examples typify a range of 
work from RB&W cold heading and 
cold forming facilities. RB&W also 
performs many secondary opera- 
tions on parts to specification, such 
as drilling, slotting, knurling, etc. 
Best way to see whether you have a 
part that could cost you less is to 
refer it to RB&W for study. Write 
Russell, Burdsall & Ward Bolt and 
Nut Co., Port Chester, New York. 


Plants ot: Port Chester, N. Y.; Coroopolis, Pa.; 
Rock Folls, tll; los Angeles, Calif. Additional 
sales offices at: Ardmore (Philo.), Pa., Pitts- 
burgh; Detroit; Chicogo; Dollies; Son Francisco. 
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ONLY SQUARE D STARTERS 
WITH ONE-PIECE 


i 


OVERLOAD RELAYS GIVE Absolufe PROTECTION 


e Only Square D makes thermal 
overload relays with 1-piece construc- 
tion—and unly with 1-piece construc- vam tn 
tion can you know you ve installed the (solder pot) 
one way. They are factory-assembled, peovents pal- 
individually tested and calibrated, ; 
completely tamper-proof. Repeated 
tripping will not affect accuracy. : Slechquednatnedticabat 
You pay for overload protection — ae te Farten a1 Sysene of 
be sure you gef it. Insist on Square D eT i nently joined py eabaed 


l-piece overload relays for absolute a “ ‘oor become mis. 





Square D Company 
Department $A-231 
4041 North Richards Street 
Milwaukee 12, Wisconsin 

Please send me information on Square D 
magnetic starters, along with your simple 
3-minute ‘jig-saw’’ demonstrator 





COMPANY 





ADDRESS. 





City. ZONE___STATE 











SQUARE D COMPANY 
wherever electricity is distributed and controlled 
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TYPES OF 
MOTION 


RADIAL 


DUAL RADIAL 


Expansion-joint tubing for big, tough jobs 


New AX Tubing by Anaconda is available in Bronze, Stainless Steel, and other 


metals and alloys—from 4/2” |.D. to 14” 1.0.—to handle axial and lateral movement. 


Need to compensate for contraction of piping suddenly cooled to minus 300°F by a 
large volume of liquefied gas? Want a bulkhead seal that “gives” with hull move 
ment? Do you need a special assembly like that above, which handles an offset and 
a combination of lateral and axial movement? Wherever you need large diameter 
tubing to take care of movement shown in drawing at left, or simple offset, writ 
Anaconda Metal Hose, P.O. Box 791, Waterbury 20, Connecticut. In Canada 


Anaconda American Brass Ltd., New Toronto, Ontario 


ANACONDA’ METAL HOSE 





| ad oe & OD) OD) WD 
f 


INICoINE— E— F 2 1N« 


November 14, 1960 


TRANSDISCIPLINARY RESEARCH 


he electric eel is cay f g rating 600 volts at onc 
imp—enough to kill a man. He can also send out a 1+ 
volt electrical pulse that bounces and detect from the echo 
just what caused it. He does both by a heatless energy 


The shark ‘can 


disproving th« 


conversion that we haven’t yet mastered 


detect blood in water at a half mile 


long-held belief that h smells it. Man himself pos 


sses a more sensitive machine than he has ever built 


the human nostril, which can detect a single molecule. 


hese phenomena ire commonly considered biological, 


but they are basically molecular, just as are the strength 
of steel, the malleability of gold, the multiple characte1 
istics of plastics About these last, we engineers know 
enough to change a molecular structure, even to evolve 
i new one We've learned how through basic research 
But the biologists and medical researchers can’t change 
theirs, except by evolution. We thus arrive at an arguable 
premise: In the fields of biology and medicine, from 


which 60% of our “science” news comes, all glibly labeled 
is “basic research,”’ there has been relatively little. 

Practically all medical research has been of the applied 
type, and fairly empirical at that. We study the body 
ind its functions by dismantling one; we study a disease 
by creating it in animals and learning how to fight it by cut 
ind try, just as Edison perfected the carbon lamp. We are 
in actuality dealing with effects, not with causes. 

Only recently, discoveries in physics, chemistry, mathe 
matics and electronics have markedly advanced the study 
of molecules. Because normalcy or abnormality (disease ) 
in the human body starts at the level of molecules in cells, 
we must understand how molecules function in cells be 
fore we can understand and overcome abnormality. This 
calls for a “transdisciplinary” approach—treally basic re- 
search wider than just medicine, or even medicine and 


biok 5 
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Six years ago, a group of doctors began just such a 
program in the New England Institute for Medical Re 
search in Ridgefield, Conn Since then the staff has 
grown to 35 people, including physicists, mathematician 
and engineers. Sponsored and advised by various prom 


} 


inent scientists and executive it conducting basi 


research at the molecular level 


tT | ulsed radi 


Recent discoveries include: The uss« 
frequencies to affect structures inside living cells Ihe 
extraction of a mucopolysaccharide from calf bone that 


can be injected to speed bone growth in the healing of 


fractures. Several techniques for preventing blood clot 


ting, based upon detection of early links between fibrin 
ogen (a blood protein) molecules which enmesh cot 
puscles to form the thrombus. Development of indole 
toxins that protect nerve ends from microbial poisons 
Development of synthetic “bacteria” and a “guard-cell” 
stimulating substance to prevent or inhibit disease. With 
the latter, efficiency of some vaccines has been increased 
1000 times. 

The objective of Institute work, according to Dr John H 
Heller, executive director, is to keep all of us out of hos 
pitals. It is a sort of basic campaign for preventive mainte 
nance on people, coupled with basic research for better 
understanding of the product, something every engineer 
should understand. 

And it offers a good object lesson The doctor and 
biologist have been blindered within their own specialties 
They have only now begun to realize that other disciplines 
can help, that basic research is the key to understanding, 
while cut-and-try is only the key to the servant’s entrance 
This thought is vaguely unsettling, if you consider that 
it is your life that’s at stake 
you consider that in this respect we’te far better tooled 


And vaguely reassuring, if 


than doctors. 





SERVICES EXPANDED TO INCLUDE 
PRODUCTION OF 
INSTRUMENT BEARING ASSEMBLIES 


By RICHARD H. CHERWIN, Executive Vice President 


New Hampshire Ball Bearings, Inc. 


New Hampshire Ball Bearings, Inc., has established a separate 
facility the Rotassembly Division — for the manufacture of 
instrument bearing assemblies to customer specifications. Pro- 
duction of shafts, housings, and pulleys of various configurations 
your designs may require is also included in this newest of serv- 
ices to instrument makers. We believe our experience in the 
manufacture of miniature and instrument ball bearings makes 
this a logical expansion of our activities. 
This new service can help you if you are having problems in any 
of these areas: 

Purchasing and handling instrument ball bearings; 

Cost of assembling such bearings into units with proper fits; 

Cost of purchasing various components from separate sources 

with delays caused by un-co-ordinate deliveries; 

Cost and difficulty of manufacturing components; 

High rate of rejects and costly tear-down of assembled end- 

products to correct failures. 


FREE DESIGN STUDY AND COSTING 


Activity here starts from designs submitted by you. Without 
obligation, experienced application and production engineers, 
also Division technicians, study your drawings with regard to 
these factors: Will the bearings function as required by the 
application? Can selection and mounting of the bearings be 
modified for better performance? Is the assembly a type and 
size compatible with NEW HAMPSHIRE’s experience and 
equipment? 


CARRIAGE 


SPINDLE 
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PRECISION MANUFACTURE 

Instrument bearing assemblies accepted for manufacture are 
produced on the same types of precision machines that equip 
our Bearing Facility. Employing techniques developed to manu 
facture NEW HAMPSHIRE Bearings to ABEC Class 7 and 
better tolerances, components of your unit are ground to 
tolerances required for proper, easy assembly. Costly rework 
and refitting are eliminated. Competent technicians staffing the 
Rotassembly Division are thoroughly experienced in custom 
work in cost-lowering production quantities. 


ASSEMBLY AND INSPECTION 
FOR TROUBLE-FREE PERFORMANCE 


Assembly and inspection of instrument bearing assemblie 
are done on the same equipment used to process NEW 
HAMPSHIRE miniature and instrument ball bearings. In dust- 
free, temperature-controlled facilities, each component of your 
mechanical unit is critically inspected and tested before as- 
sembly, then the unit is functionally tested after assembly. 
Performance levels required of them are the same as for NEW 
HAMPSHIRE Bearings and fitting practices followed during 
assembly as outlined in the “Design & Purchasing Manual.” 
Instrument bearing assemblies shipped to you are ready for 
installation into your products. 





MANUFACTURE IS RESTRICTED 


Manufacture is restricted to mechanical units in which 
correct installation and function of bearings are major 
critical elements in the performance of the assembled 
unit. We are not manufacturers of gears, gear trains, gear 
boxes, motors or electrical components and we are not 
qualified to produce these items. Relationship to instru- 
ment bearings is a primary qualification for all assemblies 
we elect to manufacture; it is in such types that our ex- 
perience can best help you. 











INQUIRIES INVITED 


If you wish more information about the Rotassembly Division 


and our newest service to instrument makers write or 
phone collect to the Regional Office in your area or the Main 
Plant in Peterborough. 
g 


EASTERN REGION 
61 Cutter Mill Road 
Great Neck, New York 
HUnter 2-8633 


NORTHEASTERN REGION 
Route 202 
Peterbernar. New Hampshire 
WAinut 4-3311 


WESTERN REGION 
1540 North Highland Avenue 
Hollywood 28, California 
HOllywood 4-0208 


CENTRAL REGION 
566 Northwest Highway 
Des Plaines, Illinois 
VAnderbilt 7-6646 


NEW 


HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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PRODUCT 
SNe) = 


Heat balance : 
Shielding 


for the designed product you can’t keep cool, try .. . 


RADIANT COOLING 


OR SHIELDING 


RICHARD M RALL 
HENRY YOSHIMOTO 
A» everyday example of cooling by thermal radiation 


Aerospace Engineering Div, Hughes Aircraft Co 
Culver City, Calif is a parked car under the hot sun. Its final temperatur« 
depends on a radiant-heat balance—how much heat it 
absorbs from the sun and how fast it can radiate away thi 

. heat to its cooler surroundings 
. 1 ‘d ateri Beant re ct j ortar r 
No room for conventional cooling? Surface material and finish are the m t imp rtant con 
siderations here: for example, a white car in the sun stays 


Then consider letting the component cooler than a black car. This is because white paint absorbs 
run a little hotter—and radiate the less heat than black paint in the short wavelengths of 
‘heat away. Or if it’s in hot surr und- solar radiation, yet has essentially the same emissivity 


ibility to radiate heat. Consequently, the white car has 


use radiation-proof surfaces. less heat to dissipate and can do it at a lower temperature 
ings, Pp 

; : Many other manufactured products can be cooled by 
Here are the.design techniques, with 


rae ; thermal radiation—enclosed motors or solenoids with high 
some new emissivity data. temperature windings, cryogenic fluid-handling equipment 
gt . E . . a 
7 


electron tubes, and high-speed aircraft are but a few. And 
affecting this temperature-control performance are surfac« 
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RADIANT COOLING 


configuration, roughness, chemical composition, oxidation, 
color, cleanliness, and absolute temperature of source and 
surface 

Four basic design categories cover all thermal-radiation 
problems 1) adding heat to the surface (infrared heat 
ing); (2) removing heat (cooling by radiation); (3) con 
trolling temperature (balance between heating and cool 
ing); and (4) shielding the surface from external radiation. 
Che first category—infrared heating—was the subject of a 
recent article (see Editor’s Note The other three are 
covered here. 


COOLING BY RADIATION 


When a component generates heat itself or receives 
unwanted heat from an adjacent source, it must usually be 
cooled to prevent overheating. Radiant dissipation to 
cooler surroundings can do the job if temperature diffet 
ence is high enough. Here, high emissivity is important, 
so that maximum amount of heat can be radiated for a 
given temperature difference. 

Generated heat raises temperature of the component 
until heat radiated to surroundings balances generated 
heat. Radiated heat flow has a simple analogy in Ohm’s 
electrical law, E IR, where E is potential difference re 
quired to drive current I through resistance R. For heat 
flow, Al 
heatflow, R.,, is effective resistance to heat flow. 


OR.,,; where AT is temperature difference, O is 


Final temperature depends on effective “resistance” of 
the component to heat dissipation. Lowering this resist 
ince (one way uses high-emissivity coatings to increase 
thermal radiation) will lower the final temperature. To 
lower heat-flow resistance even more, it is sometimes pos 
sible to improve the heat-conducting path from hot com 
ponent to housing, to increase radiating area, and to usé 
forced-convection cooling. The sketch on p 58 shows an 
actual case—an all-metal klystron tube is kept cool by com 
bining all these cooling means. 


HEATING AND COOLING COMBINED 
[he example of a car parked in sun shows how a rela 
tively low absorptivity combined with high emissivity in 
1 single coating (white enamel) gives reasonably good over 
ill heat balance. An ideal surface would have zero ab 
sorptivity, and an emissivity of 1.0—but no such coating 
or material exists. 

Some equipment in sunlight can be temperature-con 
trolled by mechanically changing the effective emissivity 
and absorptivity of the sides of the package to suit the 
imbient conditions. The radiation shutter sketched on 
p 59 is for a space vehicle, and shows shutter-like walls with 
sliding bands that can cover or expose appropriate portions 
f the inner wall. On the side exposed to sun, absorption 
can be limited by selecting a shutter position to decreas 
ibsorptivity. On the side away from sun, shutters can un 
cover high-emissivity surfaces, thus radiating heat out of the 
enclosure to cooler surroundings. 


text continued on page 


THEORY OF 


All bodies radiate, absorb and transmit heat energy 
to some degree. The transmitted part is negligible for 
opaque bodies, which are the usual type, so net heat- 
transfer rate is simply the difference between rates of 
absorbed and emitted energy. The relationship is ade- 
quately expressed for most engineering purposes in this 
simplified equation: 

Q = oF F4A(TY — Ts) btu/hr 
where: ¢ is a constant, Fe is the effective emissivity 
factor based on individual emissivities ¢, and «, and on 
configuration; F, is a configuration factor (1.0 for the 
simple surfaces shown in table below); T, is source 
temperature; and T, is receiver temperature. 

In the equation it is assumed that emissivity of each 
surface is numerically equal to its absorptivity. How- 
ever, emissivity equals absorptivity only when both 
properties are evaluated at same surface temperature, 
and when absorbing surface is exchanging radiant energy 
with a black body that is at same temperature—a purely 
hypothetical situation. 

Fortunately, many radiant-heat problems involve rela- 
tively small temperature differences between the two 
bodies, so the simplified equation is reasonably valid. 
For large differences, particularly when one body is the 
sun, absorptivity and emissivity are not interchangeable, 
and a more basic analysis is required. 


FOR MORE EXACT ANSWERS 


Any body will emit radiant energy at a rate depending 
on its absolute temperature and surface emissivity «. 
Emissivity is ratio of emissive power of the body to 
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RADIANT-HEAT TRANSFER 


emissive power of a perfect radiator, called a “black 
body.” The black body emits energy E, at a rate given 
by this expression: F, — o T* btu/hr per sq ft, where: 
o = Stefan-Boltzman Constant — 0.173 « 10°, btu/(hr- 
ft-R‘;) and T— Absolute temperature of the surface, 
"R or (°F + 460). 

Actual radiation—An actual surface will emit less heat 
energy E than the theoretical black body. The relation- 
ship is: 


E = eK, = eT btu/hr per aq ft. 


It will emit energy at this rate no matter what the sur- 
rounding temperatures or configurations may be. 

The body surrounding the emitting body will also emit 
at a rate dependent on its emissivity and temperature. 
Therefore, the problem is to determine the net exchange 
of radiant energy between the two bodies. 


Actual absorption—Consider a surface which is re- 
ceiving radiant energy at a rate of Q,.,,,, btu/hr. A heat 
balance for this surface is: Qyoic: = Qiranamittoa + Qavsorvea 
+ Q.ciccteue Dividing both sides by Q,.,,, gives: 

1 = Q,,/Q, + Q,/Q,4 Q,/Q,, or 1 > r + a +r where: 
r = transmissivity,a — absorptivityand r — reflectivity. 

If the surface is opaque (usually true), transmissivity 

is zero, Therefore: gq 4+ r = 1. 


Net exchange—A non-black surface reflects part of 
the energy received. Some of this reflected energy re- 
turns to the surface from which it originated, where it 
again undergoes partial reflection. This process goes on 
indefinitely. Therefore the expressions for Q,.. and Q,., 
become a mathematical series with an infinite number 
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of terms. For the general case of two surfaces of area 
A, and A, at temperatures T, and T, with emissivities 
e, and «, net exchange of heat is: 


Q - oA, x 


€ Tif 7 eT sf; - 


A, 
Ay 


+neTy “a Side — rea Tithe 

ee _— fbtu/hr 
1— ritefi Se 
where: Subscript 1 refers to body 1; subscript 2 refers to 
body 2; f, — fraction of radiant energy leaving body 2 
which falls on body 1; f, — fraction of radiant energy 
leaving body 1 which falls on body 2; ¢ — emissivity; 
T — temperature, °R; A — surface area, sq ft; r — reflec- 
tivity; o@ = Stefan-Boltzmann Constant. 

This exact equation is difficult to use, so in practice 
it is usually replaced by the simplified version given 
earlier. 





SOME COMMON RADIANT-HEAT TERMS 


Radiant-heat transfer rate, btu /hr 

Stefan-Boltzmann constant (0.173 x 10-*), 
btu /(hr-ft*-R‘) 

Emissivity: ratio of actual to ideal (black body) 
heat-radiation ability of a surface 

Absorptivity: ratio of actual to ideal radiation- 
absorbing ability of surface 

Emissivity factor (allows for departure of source 
and receiver from complete + Steal It. de- 
pends on emissivities €ource, €receiver, and con- 
figuration of surfaces 

Configuration factor for surfaces 

Area, sq. ft 

Absolute temperature, °R = °F + 460 
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RADIATING FINS added to the support for a metal klystron tube improved heat 


dissipation in three ways: radiation, convection, and conduction 


SHIELDING FROM THERMAL RADIATION 


Components can be protected from damage in intens« 
radiant heat by low-absorptivity surface coatings, by norma 
mvection and conduction where possible, and by one 
more radiation shields. The most difficult problem is when 
conduction and convection cooling are insufficient or un 


] 


wvailable, and the component is entirely surrounded by 
the radiant-heat source 


Low-absorptivity coatings 


Example of a component protected by a low-absorptivit 
oating is a radar antenna in the nose of a high-speed mil 
tary aircraft. The antenna structure has no internally gen 
rated heat; it receives heat by conduction through mount 
ing points, convection inside the enclosure, and radiation 
from the radome’s inside surface. Conduction is easily re 
duced with proper mounting insulation; convection is neg- 
ligible at operating altitudes because air density is low; 
but radiation from radome is significant because high-speed 
flight heats the outside radome surface to high temperature 

Heat-flow equation (see “Theory of Radiant-heat Trans 
o F.F,A (Tj — T,*), where: o is a constant; 
F’, (the emissivity factor) is also a measure of absorptivity 


fer”) is O 
= 


and is almost numerically equal to antenna emissivity ¢, 
- Ps, = 10, 


A is effective area of antenna, T, is temperature of inne1 


because radome emissivity is high (about 0.9 


surface of radome, and T, is surface temperature of an 
tenna at any given instant. T, would eventually read T, 

the radome temperature 

For short-time operation (see curves, facing page) an 
tena has sufficient thermal storage capacity to soak up ra- 
diant heat without damage. But for flights lasting more 
than an hour or so, a special low-absorptivity coating is the 
mly practical way to slow down transfer of heat to the 
intenna. Previous designs of equipment such as this an 
tenna have often relied on the conventional black-wrinkle 
painted finishes, but it has an absorptivity of over 0.9. 
A better coating would be one of the aluminum paints 
listed in table on page 61. 

For long-time operation, remember that an internal 
componert will eventually reach same temperature as the 
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nclosure unless absorbed heat has someplace cooler to go 
[his applies to the antenna and also to conventiona! 
machines that have components surrounded by hot surfaces 


Radiation shields 


Radiation shields ar 
barriers placed between a high-tempera 


imply low-absorptivity, low-emi 
ivity ypaque¢ 
ture source and the component being protected. They di 
not cool, but can significantly slow down transfer of rad 
int heat. If each shield has the same effective emissivit 
shields are it d in series, then energy arrivin 
+ 1) times the amount that would 

if no shields were used 
N + 1) relationship can be easily proved valid 
st « i single shield (the pair of sketches 
h ld, heat flow O Cc F FA 
K ; ] With shield, heat flow is 

, and O O . (TS — Ti) K (Ts — T; 
efore (1 | T, — T,*), and T, = 4 (T; 

‘ Thus O,. K ry’ + Ts) — Te] = K [3 
(T,* — T,*)] and energy arriving at body 2 is exactly half 
that with no shield—in others words, 1/(N + 1). 

Very low-temperature bodies can also be effectively 
shielded. For example, cryogenic (ultralow temperature 
storage vessels for liquid oxygen and nitrogen are mad 
with inner container eparated from outer container by a 
spaee having a high vacuum—convection is virtually elimi- 
nated. Conduction prevented by insulators, and radia 
tion shields of various types augment this barrier. 


“+ 


CHECKLIST FOR DESIGN 


Here is what experience has shown—a guide to choosing 
urfaces for radiation and absorption. 

Brilliance or color is not the criterion for comparing 
emissive characteristics of surfaces. Chemical composition 
gives a more reliable basis 

Low-emissivity materials include aluminum, gold, silver, 
nickel, platinum, brass, zinc, and copper, under clean and 
un-aged conditions 

High-emissivity materials include carbon, rough stcel 
glass, brick, rubber, and plastics 
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RADIANT COOLING 


High 
A 
emissivity : Radiation Conduction 


Low Ps Low 
absorptivity ; ! “A absorptivity 


a 


Heot 
absorbed 





Convection 





RADIANT-HEAT SHUTTERS allow control of radi- LOWER ABSORPTIVITY VALUES of 
ant-heat transmission into and out of a package, antenna 
giving desired heat balance. Outer strips move rela- 
tive to inner 


coating help increase allowable 
time before temperature rise caused by 
radiation from hot radome can damage 
antenna 


Painted finishes provide a full range of controllable emis PT Radome|. 
sivities from 0.15 to 0.96. They offer greatest flexibility 
ind versatility considering emissivity range, environmental 
resistance, economy, simplicity in process, touch-up Or 
repair, and time. However, even though paint can be madc 
to suspend metal particles of excellent reflective properties, 
its over-all emissivity will always be higher than that for 
particles alone because of bonds or resin in the paint. 





Aluminum pigmented paints have good low-emissivit) 
characteristics provided that composition of the resin is not 
detrimental. Temperature capability depends on thermal 
tability of the resin. 








Thickness of paints is important. If paint is thin, bas« 
material will affect over-all emissivity. 

Nonconductive resins with suspended aluminum par- 
ticles provide practical low-emissivity finishes. Effect of the 
resin depends on wavelength of radiation, and chemical 
composition of the resin and the base material. Also, tem 
perature aging lowers the emissivity because aluminum par 
ticles tend to surface on the resin 

Insulation coatings protect against salt spray and humid 
ity, allowing use of aluminum paint on active-base ma- 
terials such as magnesium. Certain epoxy and silicone coat- - ee 
ings have given excellent test results aa Am 

Plated surfaces such as nickel, gold, chromium, cad oe See 
mium, and rhodium provide excellent low-emissivity fin 
ishes, and have good abrasion resistance and other me me 
chanical properties. On chemically active materials like Radiation Shields Reduce Heat Flow 
magnesium, a corrosion-protection coating or treatment 
is mandatory. 

Vacuum-deposited surfaces, including aluminum and | 
gold, offer excellent low-emissivity finishes. However, this 
process is especially vulnerable to abrasion and, on chem- 
ically active base materials, to galvanic corrosion. 














Anodized finishes, regardless of color, will provide rela- 
tively high emissivities. 





Oxidation will increase the emissivity of metals, usuatly 
significantly. Aluminum, platinum, and zine show only 
small effects of emissivity increase due to oxidation. Oxide 
coatings can sometimes be used as a protective finish if 




















PRODUCT ENGINEERING - NOVEMBER 14, 1960 





HOW EMISSIVITY CAN BE MEASURED 


Emissivity values in table, on facing page were determined with an 
emissivity radiometer developed by J. T. Gier and R. V. Dunkle, associ- 
ate professors at University of California, Berkeley. Photo and sketch 
on this page show essential parts. 

Specimen is continuously heated by oven at top to desired tempera- 
ture, measured by a thermocouple peened into the surface. Specimen 
radiates through a series of conical shields to a radiometer, which 
measures rate of heat transfer by radiation. Purpose of the shielding 
is to minimize stray radiation from the heating-oven case and its 
environment. Radiometer contains thermopile bed calibrated by the 
manufacturer; output is in millivolts. Calibration factor K has units 
of btu/hr per sq ft per mv, and the final working equation is: 


on Sti) 
oO" oT — THF ro 


where: « — total normal emissivity; ¢ is Stefan-Boltzmann constant; 
T, = specimen temperature, °R; T, — temperature of small shield, °R; 
Fro = shape factor; and A,,, — difference in thermopile output readings 
for these two cases: (1) with small shield pulled aside to allow speci- 
men to radiate directly to the thermopile; (2) with small shield block- 
ing radiation from specimen to the thermopile. Shield temperature is 
approximately ambient. 

K and g are constants, A,,,, T, and T, are measured. Therefore. 
emissivity can be calculated if shape factor Fp, is known. Once the 
equipment is set up, Fro does not change. Therefore, if a calibration 
specimen cf known emissivity ¢« is tested, the shape factor can be 
calculated. Then all factors required for the determination of the 
emissivity of any material or surface will be known or can be measured. 


MEASURING EMISSIVITY is possible with 
Gier and Dunkle Radiometer setup shown here. 
Values in the emissivity table were obtained this way. 


par: . nm as possil | 
EMISSIVITY—A SEMANTICS PROBLEM, TOO Si] ? 
icon mon 
For the sake of clarity, the terms “emissivity” and 
absorptivity” have been kept separate in this article I 
This distinction is not always made in the field: emis Emissivity changes with temperature, 
sivity is often used to describe both properties i 


; 


mmend d ype 


Emissivity, because it is a function of the material ma ing tempet 

and its surface temperatures only, is easier to meas ncre ng t mperatu 

ure and tabulate. Absorptivity depends on these fac 

tors, too, but is also affected by the source's tempera 

ture and whether it is a black body or not t A little oil and 
For engineering purposes emissivity may be con m itv from 0.1 t 

sidered numerically equal to absorptivity if source 

temperature is less than about 800 F. So for this Surface-roughness cff 

temperature range, thermal engineers have found it n ises slightly with 

convenient to let emissivity do double duty. Hence ad 

you could say: “This object is absorbing too much Economy, simplicity, 

heat, so we’ll have to use a surface with lower emis prav-paint finish 

sivity This would not confuse a thermal engineer . =p 

it might confuse another brand of engineer 


Dust and oil films 


though th 


+; 
es 
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RADIANT COOLING 


CHOOSE COATING THAT GIVE 


emissivity equals absorptivit 


Emissivity AVAILABLE COATINGS AND FINISHES Base 

Needed f~ Surface Weaken Process | | Undercoating ra Material 
0.028 | Gold Electrodeposit Zinc, copper 6061 Al 
0,029 | Gold Electroless Zinc, copper 6061 Al 
0.047 Aluminum Epoxy 606) Al 
0.049 ager Alclad Alclad 2024 Al 

0.050 Aluminum: PREVENT OVERHEATING BY SPECIFYING PROPER EMISSIVITY 


polished 6061 Al 
Thad When hot And For this Specify these surface- 
oe - component | surroundings type radiation 
thin film of silicon has are service characteristics 
monoxide 
Rhodium i low absorptivity; some 
cooling of component 
might be required 





























i 
| Aluminum: 
/ 250 rms finish —— 











Low absorptivity; 
cooling absolutely 
required 


| Continu- 
Internally ous 
Aluminum: |generated 
bare None heat | Short High emissivity to 
| 
| 


Aluminum 











Nickel Zinc, copper time dissipote hoot to 
Chromium Zinc, copper, nickel | (Owe) vn 


— Continy- additional cooling 
/ — a i ous might be required 
— ain = i low absorptivity to 
uminum: | 
| 7. | Short delay temperoture rise; 
| 500 rms finish Shaper None :; ae dees aiete he 
T Nickel Electroless None required 
| Aluminum paint: | Sprayed and HAE Magnesium oe Me eS Contiav- Low absorptivity; 
| Silverbrite #55 | heat-oged ond PT 201 mognesiu: | ° 
































rc as 





t 
internally | wus cooling will be required 
| Aluminum paint | Sprayed and HAE; PT 201 generated | i Short 
Bradley 37-3-2 | heat-oged (PT is epoxy) i heat | time 
Stain ” steel: | EE No problem 
possivated | None Passivated Continu- 


ous 



































Aluminum paint 
Bradley 37-32 | SPraved 
Aluminum point: 
Silverbrite 55 
Magnesium: | 
casting, polished| Steel woo! 
with steel wool | 
+ 











Sprayed 











Aluminum | 
and-blasted | Sand-blost 
with =20 grit i 








Light oil film 
on aluminum 


a paemtinte — 


Magnesium 
casting 


= ee... 2 
Heavy oil film 
on aluminum 


Brush 





None 








“Aluminum 

anodized, gray 
Magnesivm | EDITOR’S NOTE: More on the effects 

| _Dow 17 i of conduction, convection and radia 
Aluminum: 
anodized, 
Aluminum: 
anodized / these previous articles 
— Removing Heat from Electronic De- 
~~ | Fiberglass | vices, July '54, p 164—Includes tables 


bar stock of temperature difference vs required 








tion, for cooling as well as heating 





parts and assemblies, will be found in 











Aluminum: cooling area and explains effect 


| anodized, block of color on heat radiation 
| 





Block-wrinkle and 

flat-block paint High-temperature Electrical Equip- 
ment, Sep 26 ’60, p 56—Describes ele« 
trical components and materials built 
to stand high temperatures kept cool 
by radiation 























Wrought-sto ‘tal has slightly lower emi : 
rought-stock metal has slightly lower emissivity than Radiation Characteristics of Metals, 
cast metal because it in be conditioned in its natural Sep '53, p 205—Compares emissivities 


} ; 


ite to equal the bi lective surface. Cast surfaces are for metals such as stainless steel and 


porous, and this makes them more absorptive to radiation titanium for various surtiac¢ condi 
tions 

When Air Is the Coolant, Feb 16 °59, 
p 54—Shows how to estimate whether 


than the wrought-stock metal. Also, oxides tend to be 
heavier on cast surfac Cast metal surfaces fall into an 
( ssivit 1 ’ {) = ( {) = ( a ¢ é . 
m7 > i ore ) o ig Wrought metals arc an assembly will run too hot, and 
from 0.03 to 0.40. Data are based on natural specimens whether the self-cooling methods of 
obtained from stockroom shelves, free from weathering radiation or convection can handle the 
effects trouble 

Thermal Radiation from Hot Surfaces, 

Mar 31 '58, p 116—Simple nomograph 
REPRINT COPIES of this report are available for 25 cents by of radiant power vs absolute tempera 
addressing Reader Service Dept., Product Engineering, 330 W ture for various emissivities, based on 
42nd St, New York 36, N. Y E oe 
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what you should know about 


SYSTEMS ENGINEERING 


Though it has several roots, it’s a specialized new 


approach to cumbersome problems encountered in 
large networks of equipment. It introduces new 


design problems, leans heavily on an array of new 


mathematical tools . 


.. and yow'll be hearing more 


about it as technology grows in complexity. 


R E MERWIN, senior engineer 
IBM Data Systems Division 


The systems engineer tells us that a system can be 
anything from a small black box to an intercontinental 
communications network. He says that he solves his 
problems with such tools as game theory, simulation, in- 
formation theory. This, however, doesn’t give a clear 
picture. Other engineering specialties are rigid and formal; 
they fit tidy cubbyholes. Systems engineering, by contrast, 
seems to travel on a closed track. What is a systems engi- 
neer? An engineer who designs systems. And what is 
1 system? It’s something designed by a systems engineer. 

The picture can be made clearer than that. Systems have 
some common characteristics. Systems components are 
reasonably well understood and some design guidelines 
have been established that help define the role of the 
systems engineer and the talents he needs 


What is a system? 


Systems engineering as a unique study began when we 
began to assemble large interconnected networks of equip- 
ment whose design requirements exceeded the scope of 
a single engineering discipline. The need developed near 
the end of World War II for a man, or group of men, 
who could examine the broad scope of the problem and 
make recommendations by working from the general to 
the particular rather than the other way around. 

Modern systems of interest to the engineer (disregarding 
such abstractions as political and economic systems) are of 
many diverse types. We have systems which control 
mechanical motion (an airplane autopilot, for example), 
which control communication (a telephone switching 
network), which process information (computers), and 
many others. The more abstract systems are in a state of 
flux, with theory trying to catch up with practice. Most 
mechanical systems, for example, can be analyzed with 
considerable precision, but a basic understanding of the 
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concepts involved in a data-processing system are yet to be 
formalized. 

All these have inputs and outputs interconnected by 
elements that do not always provide a causal relation be- 
tween the two. In the case of technological systems, the 
elements are typically mechanical or electronic, usually 
in the form of machines, switching networks, computers 
But unlike simple control networks, the inputs and outputs 
of a system are continuously changing, defying the estab- 
lishment of an equilibrium condition. The systems engi- 
neer solves his problem by first specifying it in terms of 
these time-varying inputs, then identifying the components 
that will provide the desired relationship between input 
and output. 

For a typical system, see the block diagram at top of 
the next page; this system regulates the supply of parts to 
in assembly line. Suppliers are connected to the line by 
truck and rail facilities, and telephone lines function both 
as inputs and outputs. An additional output is the flow of 
parts to the production line. The parts-ordering depart- 
ment is assumed to be a computer. It stores a complete 
listing of all parts used, sources of parts, quantities to be 
kept on hand, and other necessary information. 

As with most systems, there are several feedback loops: 
there is one between material distribution and the com- 
puter to warn of oversupplies and undersupplies, and an 
inner loop between material distribution and material stor- 
age. When its checking stations warn the computer of an 
impending parts shortage, orders are immediately for- 
warded to the supplier. Stated in these simple terms, the 
computers are merely stock clerks, and, as such, out 
system is relatively unsophisticated. 

Suppose we give the computer a few more tasks. Assume 
that we wish to modify inventory status of certain parts 
as production schedules change with market demand. This 
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EVEN A SIMPLE SYSTEM, like 
duct this automatic parts-ordering setup 
for a manufacturing enterprise, can 
be difficult to analyze. How many 
suppliers are needed (assuming 
they have different capacities and 
different delivery times)? How 
many parts should be kept on hand 
and when should they be reordered? 
What is optimum number of dis 
tribution paths to production line’ 
How should production schedules be 








+ 














changed to compensate for varia 
tions in orders for finished goods 
What kind of control computer is 
needed; how big should it be; what 


—— Communication lines 








od c 
J pr 
4 


—— Flow of supplies er 


Jepartment zeparimer jobs will it do? These are the ques 


tions that systems engineers fac« 


lls for a ci to the incoming-order department l he specifications of a ym ponent, 
so the computer pl I levels more a system, can be completely described 
intelligently. start-time of a motor, for example, are ty 
Suppose also that supplier A is noted for lowest unit specifications. When several components 
cost, but his deliveries are often late because of limited 1 system, it becomes more difficult to sp 


hole, and as the 


capacity but higher transportation costs force him to irger, complete specification becom 


I 


production capacity. Supplier B has greater production the operation of the w 


charge more. The system must now be designed so that One reason for the complexity of 


the computer analyzes the situation and points to the best the complexity of networks made possib! 

supplier. This is an adaptive control system; it changes ponents. Early components were larg 

its characteristics to meet changing input and output inkages, ropes, gears, pulleys. ‘The fi 

requirements. n compononets was made with the development of electr« 
It is obvious from the ymplexity of this relatively mechanical devices such as relays, motors, and transd 


simple example that complete analysis of even a simpl which translate electrical energ 


] 


system is beyond our capabilities. And many are far from rf vice versa. 


simple. The telephone system, for example, is probably With the development of 
the most complicated system ever built by man. Follow- electronic-pulse techniques 
ing closely behind are the extensive military surveillance circuitry in other systems 
systems (BMEWS), missile systems, and the gigantic data engineers. ‘The new puls 
processing systems now found in most major industries onsider the design of swit 
There are also extensive air-traffic-control systems. rail far beyond those previous 
road and automobile trafhx ind electrical-power nical breakthrough needed t 
distribution systems spanning the i witching networks found in 
Though most systems are larg: ze is not the dis Another basic system component fi 
tinguishing characteristic. The system concept finds its telephone industry is the feedback amplifier 
way into even the smallest manufacturing enterprise needed for long-distance communication | 
Materials and orders for finished goods are the inputs; later adapted to the servomechanisms found 
uitputs are finished goods and orders for further raw many large mechanical systems. Servo the 
materials. Even an aircraft autopilot has a relatively broadened to include hydraulic and gas-operated machine 


small number of components, yet is not easily analyzed feedback loops within feedback loops are now common 


in terms of its time-varying inputs Analog computers, too, require feedback achie' 


stability and accuracy as systems component Ana 


Components are the building blocks _ 


links have become common, especially where 

A system component is a unit that performs a single controls a continuously varying process such 

I g | 
function within the system. A gear train is a component; ical plant. Now, attempts are underway to 
if it controls the motion of a materials conveyor, the simplicity of the analog computer with the 
conveyor would be considered another component. And the digital. This promises a new family 
the engine driving the gear train, with its controls, is stil] system components for process-control 
5 5 S | 


another component in the network of the system 
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the systems engineer’s tool kit 


CYBERNETICS—the study of functional similarity 
between man and machines; it begins with the premise 
that both are information systems, both rely on feed- 
back, Cybernetics proposes that a better understana- 
ing of man and machines, and the analogies between 
them, will lead to more efficient design of large-scale 
systems. 

GAME THEORY—the study of systems in conflict 
with intelligent (not passive or natural) opponents. 
Attempting to devise the best strategy on basis of 
the game’s rules and opponent’s possible strategy, the 
players weigh potential payoff against potential risk. 
GROUP DYNAMICS—the attempt to represent rela- 
tionships among groups of individuals by mathemati- 
cal expressions. Here, systems engineers are chiefly 
interested in the study of information flow in simple 
networks of persons linked by communication lines. 
HUMAN ENGINEERING—primarily a psychological 
discipline that seeks to increase effectiveness of links 
between men and machine. Study of men in various 
environments, with a variety of controls and displays, 
gives design information for improved knobs, levers, 
instrument dials, and more effective use of man as a 
servo component. 

INFORMATION THEORY—the analysis of informa- 
tion content in signals and the effort to discover the 
most efficient system for transmitting those signals 
over a channel that has only limited capacity (band- 
width) and a finite amount of noise. 

LINEAR PROGRAMING—a mathematical method 
for finding optimum solution to a set of linear equa- 
tions that represent relationships between many ele- 
ments. It commonly works on production scheduling, 
distribution of labor and materials, transportation of 
products to a variety of markets, and other multi- 
variable problems having many possible solutions. 
MATHEMATICAL STATISTICS—(not to be confused 
with probability) is an inductive science attempting 
to relate an observed result to a probable cause. 
When applied to the design and analysis of systems, 
it allows the designer to state, with statistical] con- 
fidence, the effect of each input and internal variable 
on the output, and the extent to which variables 
combine to have an appreciable effect on the output. 


Another new development, molecular electronics 


yromises large impact on system components and opens 
new horizons in miniaturization and versatility of clec 


tronic switching systems [he many components which 


have become familiar in computer systems—memories 
magnetic-tape units, punched-card units, magnetic drum 
and disk files—will all be improved with the new miniaturé 
semiconductor devices under development. Besides siz« 
reduction they will give improved reliability, more flexi 


bilitv, lower cost, and reduced maintenance effort 


The systems approach to design 


here is no rigid pattern for the design or analysis of 
1 system; each problem is an individual case with it 
own special peculiarities. However, some broad guidelines 
have been developed, partly from common sense, parth 
from experience. 

['o give an idea of the procedure, let us refer back 
to the parts-distribution system we examined earlier 
Assume the manufacturing engineering department 
first to be aware of the problem. It recommends that parts 
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PROBABILITY—the deductive science of predicting 
the outcome of an event that depends to some extent 
on chance. The prediction of unknown events is basic 
to all the considerations in a systems study. 
QUEUEING THEORY—also known as waiting-line 
theory and trunking theory, it provides the mathe- 
matical tools to analyze the problem of servicing an 
intermittent flow of units through a facility. Flow of 
people through a cafeteria line, automobiles through 
a toll gate, information through a communication 
channel, and parts through an assembly line—these 
are typical queueing problems, The theory tells how 
many channels are needed to service the flow when 
the known elements are frequency of input, service 
time, and the consequences of number of arrivals 
exceeding the number that can be serviced. 
SERVOMECHANISM THEORY—the study of closed- 
loop systems in which corrections are made by feeding 
a signal back from the output and comparing it with 
the command signal at input. The performance 
criteria to be determined are stability, steady-state 
conditions, and transient response. The mathematical 
techniques also apply to systems that are not purely 
mechanical or electronic—the so-called man-machine 
systems. 

SIMULATION—a scheme of analysis in which the 
equipment of a system is represented by mathemati- 
cal expressions that are a model of the proposed hard- 
ware, This way, the system can be designed, “built,” 
tested, and modified on a computer quicker and much 
less expensively than by actually building the pro- 
posed equipment. 

SEQUENTIAL ANALYSIS—the analysis and design 
of logical circuitry in a step-by-step manner to form a 
block diagram of the system or subsystem being 
studied. Boolean algebra is the fundamental key to 
this powerful tool. 

RELIABILITY AND PREDICTION THEORY—al- 
though a combination of several of the above disci- 
plines, it needs special mention because of its tm- 
portance in large systems. Based on statistical and 
probability techniques, it allows the designer to dis- 
cover advance information about system reliability 
from a study of individual component reliabilities. 


ne be mechanized to reduce 


distribution for the assembl) 
] | 


osts and speed production Ihe systems engineer 


illed in and given the general idea of what should be 
iccomplished 

He begins with a detailed examination of system 1 
quirements (in terms of speed, size, cost, reliability) and 
1 rough preliminary design based on the kind of com 
ponents needed to do the job. Often, several alternativ: 
ipproaches to the problem are worked out. With approval 
f a specific proposal, the real work begins. 

Detail design is rarely a one-man effort becaus« 
f the size of the job and the number of special talents 
required. The systems group will make extensive use of 
new mathematical tool 5c 
systems require the full battery 


ibove) developed in th 
past decade Very few 
f tools; it depends on the type of system and its complex 
ity. And new tools still need to be developed. We are 
only beginning to get techniques powerful enough to crack 
the complexities of many systems problems. 

or the parts distribution system, queueing theory 
might be brought in to answer such questions as: How 
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many feeders are required for cach part, or group of 
parts, to provide adequate supplies at minimum expense? 
Mathematical statistics sets up a suitable quality inspection 
ind control apparatus. Human-engineering studies assist 
in designing operator controls and provide reasonabl 
working conditions within the system. From linear pro 
graming and game theory come criteria for selecting an 
ippropriate computer and for preparing its program library 
With simulation techniques, a model of the system i 
analyzed to detect operating bugs in advance of actual con 
struction. Finally, the reliability of the system is examined 
to determine reliability requirements of individual com 
ponents for minimum downtim« 

From this compilation of data, the systems engineer 
generates a design for a complete system. Depending 
on size and complexity of the system, the time from initial 
idea to completed hardware may take months—even 
vears. Sometimes, systems develop by a kind of evolu 
tionary process. ‘The telephone system in its present 
form was not specified many years ago, but slowly evolved 
from a series of developments and improvements in com 


ponents and refinements in network switching theory 


Who is this systems specialist? 


Originally systems engineering involved few formal 
disciplines and little theory; systems designers came from 
all branches of engineering. With development of a 
more theoretical approach the haphazard approach has 


ophistication and formal 


given way to a greater degree of 
training 

Although most systems experts engineers -by train 
ing, engineering is not a necessary prerequisite. A deep 
understanding of engineering matters is less important 
than an understanding of their application to a system or a 
general knowledge of specifications and operation of elec 


trical, mechanical, or chemical device 


Most systems engineers started as electrical engineers 
electrical engineering has contributed the most to systems 
components. Electrical engineers developed some of the 
first large switching systems; from electrical engineering 
schools evolved the first electronic computers. Systems 
design also attracts a number of physicists, mathematicians 
and others with training in systems components and 
the new mathematical theorics 

Because systems engineering is not taught as an int 
grated curriculum, the man who wants to become 
systems expert must broaden his knowledge to include 
is much of modern theory and techniques as_possibl 
Though the electrical engineer studies switching theor 
computers, and feedback, he receives little training in 
game theory, human engineering, simulation and adapta 
tion. The chemical engineer, on the other hand, learn 


ibout simulation, adaptation and process theory, but has 


little knowledge of switching theory or feedback 

\ good systems engineer must be a willing cooperat 
because most large svstems involve group effort extending 
over a period of many vears. He must be able to talk with 
persons at all levels so that he can enlarge his own concept 
f the requirements and obtain the needed components 

linallvy, he must be able to direct the activities of 
large group and fashion a system which he himself may 
And through his over 


ill understanding he must be able to maintain clos 


never understand in all its detail 


upervision over its construction ind eventual operation 
[he rapid growth of systems engineering has attracted 
1 large number of technically trained people from all 
helds. This has brought an influx of many new ideas and 
concepts to the art The future promises still further 
idvances and improvements. ‘There is little doubt that 
recognition of this branch of engineering will result in 


more formal college curriculum and additional status t 


the members of the profession ’ 


Now on the presses, this article, in a combined reprint on 


THE NEW MATHEMATICS 


18 articles, 64 magazine-size pages, on the latest in the systems engineer's tool kif. 
Some of the subjects covered in depth: 
Linear Programing Regression Analysis 
Dynamic Programing Curve Fitting 
Design of Experiments Dimensional Analysis 


Latin Squares Theory of Similitude 


Multivariable Experiments Queueing Theory 


Copies of this combined reprint will be available December 1 at $2 each, including 


postage. Send order with remittance to: 
Reader Service Dept, Product Engineering, 330 W 42nd St, New York 36 


versa i t! InAs Ha im (UNUSUAL Innit 
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PRODUCT DESIGNS | 


MORE POWER TO HOME OWNERS 


The recent Hardware Show at New York’s Coliseum introduced 


a wide array of items intended primarily for the home. 


lf any unifying theme could be detected, it was an increase in 


labor-savers for every possible operation from opening cans to mowing 


the lawn. Here are three such items aimed at suburbanites. 


... IN PALM OF YOUR HAND 


Compact engine challenges the electric- 
motor field for garden and outdoor 
construction work. Its universal mount 
takes a wide range of power-driven 
equipment. 


PS Single-cylinder, 1.26-cu in. engine is governor controlled 
to run at 6300 rpm, produces approximately 0.7 hp. Reduction 
gears are available with gear ratios of 1.896:1, 3.666:1 or 6.971:1. 
Demand-type diaphragm carburetor operates in any position and 
recoil starter simplifies starting. Engine can be enclosed in a cube 


POWER PACK serves as building-block, providing user with 
wide choice of mounting positions and surfaces. Aluminum 
casting has five machined surfaces on which the unit can 
rest or to which accessories can be added. Handles can be 
used in pairs to hold the power pack during such operations 


as drilling; or simply for carrying, as on the pump. Alumi 
num plate provides base for a wide range of power-driven 
quipment. Those shown here include air compressor, gen 


itor, and pump 


5.25 x 5.75 x 6.0 in., exclusive of sparkplug or shaft extension. Die- 
cast crankcase carburetor and blower housing keep weight down 
to 3.25 lb. Engine produced by Ohlsson & Rice, Los Angeles; Porta- 
ble Power Cube by Warner Industries, Oak Pork, Mich. 
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.» »« TO UNTANGLE THE LAWN MOWER 


It’s still an electric mower but storage battery 
ROTARY MOWER, Rant-gropelied, eases replaces the usual trailing wire. Each recharge 
vertical, %-hp motor running at 3400 rpm : ~ A ‘ 
Mounting the motor in well shortens the from house current is good for cutting over 14 
exposed shaft between motor and mower —— 
blade. Leakproof battery retains elec- acre of lau n. 
trolyte on steep grades or when unit is 
being transported. Key lock on switch 
prevents use by unauthorized persons or 
children. Battery charger is mounted PS ... Available in 2 mower models: self-propelled 21-in. reel and hand 
under hood of deluxe model (A). Wire propelled 18-in. rotary—each type powered by spill-proof battery. Full re 
from 110-v source plugs into side of hood charge takes less than two days, costs 2 to 2.5 cents. The 0.5-hp mower weighs 
to recharge battery. Regular model (B) approximately 80 Ib with battery. Lectro Lawnsheor is produced by West 
uses separate charger with alligator clips Point Products Corp, West Point, Penna 
which clamp onto battery for charging 








.. +» FOR THE HELPFUL WIFE 


This mechanized handyman lends 
her a hand on such garden-and- 
lawn jobs as tilling, edging, weed- 
ing, cultivating. Its light weight 
is centered over the wheels for 
balance and ease of handling. 





PS Basic unit weighs only 40 Ib 
: : powered by a 2-hp aircooled engine with 
EXTENDED SHAFT reduces the physical effort required and puts . ; 

: z “ recoil starter. Three-position handle allows 
the working portion of each attachment in full view of the operator 
at all times. rhis, in turn, permits working closer to obstacles under RehinpDetlaner to peeduned ty Lawo-Sey 
bushes and in hard-to-reach corners. Right-angle drive at end of shaft : , 

‘ : tin A . : OMC Engines & Equipment Div, Outboard 
extension is rotatable. This is a design idea that allows mounting both 
edger and tiller tines 


adjusting for operators of different height 


Marine Corp, Waukegan, Ill 
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PRODUCT DESIGNS 











Complete Springs 


in 1-2-3 Operation 


Three cam-governed tools shape the wire in this continuous 


operation—no need for arbors or hand-forming. 

















* 


GROOVED TOOL forms spring by dé 
flecting wire pushed against it by the 
feed rollers. No other shaper is needed 
wire sets in a shape determined by 
tool position. Angle a determines loop 
diameter Offset determines body 
pitch or spring tension. 

When wire is 0.010 in. diameter 


less, each set of tools can 


THREE GROOVED TOOLS and a cutoff bar turn out the complete spring. Tool 
for front loops moves into position first 
the tool for the rear loop. Each can be 


or followed by the body tool and then 
set to produce a different diamete 
To make extended hooks, the cams hold all tools out of position between the 
wire forming of the body and the loops 
of the wire guide 


be used 
with two wire sizes; above 0.010 in 
dia, each set serves for three 


During this time, wire spits straight out 
sizes 
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Hand wheel 





Pressure Disk springs 


TWO PRESSURE ROLLERS push the wire 
into the tools. Grooved and split wir 
guides inside quill fit snugly around the 
wire to prevent it from buckling against 
the tools. At the roller end, cutouts allow 
the wire guide to be close to the rollers to 
prevent buckling 

Split we With wire above 0.008 in. dia, both rollers 
guide have grooves. Below 0.008 in. dia, only 
the bottom roller is grooved 


OQ 
< 


ois . 
Too! moves erio® Too/ moves Decreasing radius for 
into position out of position conical spring 


A CONTROLLING CAM is required for each tool and the of spring) producing a conical spring. Ripple in cam makes 


cutoff bar. Two overlapping disks make up the cam sur- an oval instead of a circular body 
face. Cam revolves once during each spring-making cycle include hourglass profile or square body 
Rotating one disk over the other changes ratio of dead 


Other possible shapes 


Length of wire in desired spring determines gear ratios 
time (tool out of position) to duration (tool in position) for cam drives. Four to eight 

Special-shape springs require special cams: Decreasing ing is necessary to find exact 
radius of cam decreases angle of tool (and thus diameter 


hours of trial-and-error test 
settings for cams and tools 


PS This generator can handle wire from 0.008 to in a spring is 40 in. Manufacturer is The Baird Machine 
0.034 in. dia at production rates turning out 720 to 6400 Co, Stratford, Conn 
complete springs per hour. Maximum length of wire 
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DIFFERENT SHAPES need different 
treatments. To minimize distortion a 
long slender shaft (left)—with interna! 
gear teeth, thin splines and sprockets 

can be surface hardened only by nitrid 
ing. Larger rigid part (right) with 
heavy geared section and ratchet teeth 
is strengthened by carburizing to take 


heavier loads 


FOR A STRONGER METAL SURFACE 


Harden it? or overlay it? This practical guide compares 


the different methods of boosting wear resistance, bear- 


ing and fatigue strength. 


AJ SCHWARZKOFF*, chief metallurgist, Precision Gears and Products, Inc., 


Wb arden only the surface layer of a part and you have 
one of the most economical ways to get wear resistance 
It is why many production processes have been based on 
just this principle. The common result of these surfac 
treatments is a composite structure: its ductile core sup 
plies the basic strength and toughness; its hard outer cas: 
gives abrasion and wear resistance. Where the process« 
differ is in producing a surface suitable for resisting specifi 
types of service conditions. 

Generally, surface treatments are of two basic type 
those that strengthen and alter the top layer of th« 
base metal, and those that overlay the base with a differ 
ent material. 

1. The strengthening: treatments generally harden the 
surface layer by diffusing an active ingredient into it 
Along with better scratch hardness and wear resistance, 
more resistance to bending fatigue is provided by the 
stronger layer. Under many conditions these processes 
put the surface layer into compression and this adds to 
fatigue strength. The converted surface, however, takes 
on some of the limitations of the base-metal properties 

2. The treatments that bond on an entirely new mat 
rial, such as spraying and hard facing, can build up to heavy 
thicknesses and can be chosen for wear, and such fringe 
benefits as corrosion resistance and strength at high tem 
peratures. These processes usually lower fatigue strength 


*Formerly, metallurgical engineer, Wright Aeronautical Div, Curtiss-Wright 
Corp 
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Paterson, N. J 


and are more costly in quantity production because of 
high labor per unit. For short runs, however, they often 


prove economical 


I—THE STRENGTHENING TREATMENTS 


Carburizing, the most widely used of the strengthenins 
treatments, adds strength by increasing carbon content 
of steel surfaces. Subsequent quench-hardening and tem 
pering then transforms the high-carbon surface into a hard 
layer. Although mostly used to give wear resistance, the 
process also improves fatigue strength, both in notched 
and unnotched sections of parts subjected to repeated 
bending. For heavy case thicknesses, parts treated by 
carburizing have good resistance to identation or brinelling 
Carburized cases, however, lose hardness at elevated tem 
peratures, 

In general, the case should be as thin as possible to 
satisfy design requirements and economy. Case thick 
nesses less than 0.020 in. are used for wear resistance at 
low loads. Thicker cases, 0.020 in. to 0.040 in., ar 
strong enough to withstand moderate loads. Heavy cases 
0.040 in. to 0.100 in. and over, can resist severe abrasive 
wear, and sliding and rolling wear combined with high 
bearing loads or alternate bending stresses 

Carburizing is limited to steels. These are chosen for 
their ability to fulfill mechanical requirements in the core 
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CARBURIZED CASE STRENGTHENS GEAR TEETH 
anu Hardening puts 
surface in compression to increase fatigue strength 


lucreases resistance to weul 


1100 teels are 


SAI 


COTeS 


The 1000 and 
soft them 
burizing where the case hardness is 
At the other extreme, for 
steels—theit gives them good 
Other steels, such as the SAE 8600 steels, 
ost less than the 9300 steels, 


uniformly, therefore 


cheapest but thei 


make weakest They are used for car 
needed only for wea 
resistance. heavy duty, are the 
SAE 9300 


hardenability 


alloy content 
have lower alloy content and « 
but do not harden as deeply or as 
1use their final case hard 
steels, the 8600 steels are 
In general, the 8600 steels are used for thin 
9300 for critical parts 


ire at a disadvantage. But be« 
ness equals that of the 9300 
popular 
parts with uniform cross-section; the 
of any cross-section, 

Distortion is minimized in the quench-hardening step 
if the parts are thick, rigid and with uniform section, Thin 
parts or those with nonuniform require 
quenching in special fixtures to keep warpage within 
icceptable limits. Another method 
heat treatment if distortion is excessive. 


section may 
is to finish-grind after 
Sometimes this 
grinding is specified to ensure removal of decarburization 
that 
ind hardening it in a separate step 

Section changes should be gradual to avoid cracking 


may result from cooling the part and then heating 


during quenching, as with other low-alloy steels of me- 
dium or high carbon content. Cracking is especially likely 
if restrained thin sections are carburized all over, because 
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WELDED LAYER INCREASES RESISTANCE to wear and 
impact loads. Photo shows a hardfacing setup—automati 
torches welding on a hard overlay of cobalt-base Haynes 
Stellite Alloy No. 6 


the process effectively chang 1 thin 
sensitive high-carbon steel 
Generally it is momical to carburize all over 


because this saves costs of masking by copper plating 


more e 


when masking 
Long 


painting and reduces likelihood of rejects 
But this is not 
hollow parts, for example, should not be carburized on 
the ID if they 
iny cracks on the ID will go undetected. 


breaks down. always practical. 


This is because 
Solid shafts, 
on the other hand, are generally carburized all over and 


are to be straightened. 


not straightened. However, if straightening is done, cracks 
ire detectable 

Another way to caseharden an area without hardening 
the entire part is to carburize and selectively harden the 


Machin 


another 


desired area only, by flame or induction heating 
ing off unwanted prior to 
ilternative, but tool wear is high 

The hardness for Rockwell 
C55 to 63. Because hardness of steel depends mainl; 
mn carbon content, hardness of the 
depth from the surface. A good rule of thumb is that 
RC60 will extend to about 25 to 30% of the total cas¢ 
depth, with thin cases having the lower percentage. Finish 
grinding should be kept to a minimum to maintain as 
mueh hard case as possible. 


case hardening is 


wear surfaces should be 


case decreases with 


continued, next page 





Strengthening Treatment Depends on Service Requirements 





TYPE OF DUTY REQUIREMENTS MATERIAL—TREATMENT CASE 
DEPTH, IN. 





High wear resistance Low-carbon alloy steel—carburized | 0.060 or more 
Resistance to impact Medium- to high-carbon alloy stee!—induction- or flame- 
Resistance to high unit loads with hardened 

rapid sliding action Hard-faced 





Resistance to sliding, rolling or | Low-curbon alloy steel —carburized 
abrasive weor Medium- to high-carbon alloy steel—induction-hardened 
Resistance to high unit loads that | Hard faced 
cause indenting 
Resistance to alternating bending 
stress 





Strength to withstand moderate | Low-carbon alloy steel—carburized 

service loads Medium- to high-carbon steel—induction-hardened 
Wear resistance Metal-sprayed 0.040 
Thickness to permit finish-grinding 








Wear resistance | Special 0.40% C alloy steel-—nitrided 0.010 to 0.025 
Some stock removal after treat- | Medium-carbon alloy steel—cyanide-treated 0,003 to 0.010 
ment | Medium-to high-carbon steel—induction-hardened | 0,010 to 0.020 

| Metal-sprayed 0.010 to 0.020 

Wear resistance on thin parts low-carbon steel—cyanide-treated 0.001 to 0.010 
| Little or no stock removal | 0.40% C alloy steel—nitrided 0.005 to 0.010 




















Three carburizing processes the carburizing cycle The layer of salt that clings to th 
In carburizing, carbon is supplied to the case by con pars peavedes it from decarburization when it is taken from 
the furnace to the quenching step Major drawback 

tact with high-carbon media in solid, liquid or gaseous 
form. Each of these methods produces different results 
ind is adaptable for different types of parts. Gas carburizing gives best control of carbon content and 
Pack carburizing with solid materials is the cheapest case depth. The case thickness can be held to within 

: 

a simple process that requires little special equipment. But 0.004 in. Close control of carbon potential also allows 
case depth is difficult to control to better than +0.010 control of the carbon gradient to eliminate the sharp tran 
in. and intricate parts are difficult to carburize uniformly. sition between core and case for better stress distribution 
his is why the process is best suited to medium or heavy he process is versatile—it can carburize thin cases of 
cases. Parts are packed into coke or charcoal mixture 0.010 in. or thicker cases up to over 0.100 in. ‘Time for 
than in pack carburizing but 


the problem ot disposal of the cyanide wast 


with a carbonate activator, sealed in a metal box, then gas carburizing is shorter 
heated to 1700 F for carburizing. Process times are longer than for salt-bath carburizing, and initial costs ar 
| furnace equipment is required 


long (up to 48 hours) because the carbon granules act as high because special 


insulator and labor costs are high. 


‘S> ae Nitriding and carbonitridin 
Liquid carburizing in a molten salt quickly carburizes 9g 9 


1 thin layer on the steel. The method is usually used Nitriding the stecl surface gives it wear-resisting hard 
for thin cases. Heating is rapid and carburizing is uni- ness that will not soften with higher temperature. Like 
form even on intricate parts. Because the liquid bath a carburized case, nitrided surfaces are stressed in com 
gives buoyancv to the part, distortion is less than carbur pression and will improve fatigue strength. The nitrided 


izing by gas or pack methods. Liquid carburizing is case has highest corrosion resistance when no stock 1 
flexible—batches may be given different time cycles in renewed and, anyhow, is more corrosion resistant than 
the same bath—so the process is particularly adaptable to low-alloy steel or a carbonized cas« 


small-lot production Parts may also be brazed during Because the case does not require subsequent hardening 
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distortion or warpage is low. Some dimensional growth 
occurs during nitriding but allowance for this can be made 
Although most low-alloy steels containing Al, Cr, V, or 
Mo will form the hard nitrided surface, special steels such 
as the Nitralloy series must be used for best nitrided prop- 
erties. Usually the brittle, white nitride layer at the sur- 
face must be removed from highly stressed surfaces be- 
cause it tends to spall. 

[he steel core must be hardened and tempered for 
mechanical properties prior to nitriding. ‘This means 
that tempering temperatures must be higher than the 
nitriding temperatures (950 to 1100 F) so the core will 
not temper and soften further during nitriding. The steel 
in a nitrided core that is tempered above 1000 F is usu- 
ally softer than a carburized core tempered at about 250 
I’. One special nitriding steel has overcome this problem 
because it age-hardens during nitriding. 

Hardness of the nitrided case should be a minimum of 
Rockwell 15N 91 (equivalent Rockwell C62) after stock 
removal. Hardness for nitrided cases is measured by the 
15N Superficial Rockwell test because the cases are thin 
ind the more common Rockwell C test will punch through 
the hard case into the softer core This scale is also 
recommended for other thin cases 

\ nitrided case gives excellent resistance to wear, as in 
cvlinder-barrel liners for internal-combustion engines, which 
rub against chrome-plated piston rings. Nitriding is also 
recommended for gear and spline teeth. Further, this 
hardness is maintained at clevated temperatures. [or 
example, a nitrided case on Nitralloy is as hard at 750 I 
as at room temperature And this case can be heated to 


1000 F without losing hardness when it cools. 


Carbonitriding stands out for small, uniform, thin parts 
‘heir shape should be such as not to distort excessivels 
because a thin case will not allow substantial removal of 
stock. Because carbonitriding temperatures are lower, 
there is less distortion and cracking, and maintenance cost 
is reduced. Wear resistance is superior to that of a cat 
burized case. 

Ihe case normally ranges in depth from 0.003 to 0.020 
in. and in hardness from Rockwell 15N 85 to 91. A 
carbonitrided case is more temperature-resistant than car- 
burized cases and does not temper as rapidly. Sometimes 
1 secondary age-hardening occurs during tempering. 

In carbonitriding, adding nitrogen along with carbon 
increases hardenability and a less drastic cooling rate is 
needed to meet the required hardness. Depending on 
the temperature, time, and proportion of carburizing and 
nitriding gas, either the carburizing or nitriding action 
becomes predominant. 

At the lower range of carbonitriding temperatures, from 
1200 to 1350 F, nitriding predominates; the case will 
consist of a surface layer of carbon and nitrogen compounds 
with a diffused layer beneath blending into the parent 
material. As carbonitriding temperatures go up, the outer 
layer diminishes until, at 1500 to 1600 F, it no longer 
exists. ‘This high-temperature case is similar to the cat 
burized structure and must be hardened and tempered. 
As temperature of carbonitriding goes up, so does speed of 
case formation. For example, 1435 F for 1 hour produces 
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STRONGER SURFACES «o:: 


0.004 in. and 1600 F for 1 hour produces approximately 
0.014 in. 

Cyaniding is the liquid-bath form of carbonitriding 
‘his low-cost process is used for small, uniform parts wher« 
a thin case is sufficient to impart wear resistance 
times are short. The thin case, usually under 0.010 in., 
allows little or no stock removal so the part must be usabk 
with some distortion or be uniform enough to preclud 
distortion in cyaniding. 


Process 


Selective hardening 


Instead of carburizing given surfaces and hardening th« 
whole part, localized hardening can be achieved by selec 
tively heating the area and then quenching it. Concen 
trated heating raises the surface temperature rapidly. On 
quenching, the heated areas become hard and the un 
heated sections remain at the initial or core hardness 


Induction hardening closely controls the heating, so 
can treat small, thin parts as well as parts of other sizes 
It uses a high-frequency alternating current to induce 
eddy currents within the metal. Power output of th 
induction source determines the area that can be treated 
and the rate of heating. Frequency of the current deter 
mines depth of heated zone. Case depth and hardness 
are controlled by adjusting the time, power, coil design, 
frequency and quench rate. Equipment costs are high 
Here, controls must be precise because time cycles ar 
short—in microseconds—and slight variations have a marked 
cftect 

Heat follows magnetic currents induced in the pat 
Raised areas close to the primary induction coil heat 


faster. This allows such freedom as hardening the tips 
of teeth on a rack without hardening the root. Sharp 
corners or small projections will heat more rapidly becaus 
the heat cannot be conducted away 


Flame hardening is cheaper but less versatile in treating 
unusual shapes. It concentrates a number of oxyacetylen¢ 
jets on a small surface area and a water spray then follow 
the flames to quench and harden the surface Becaus« 
flame-hardening drives heat into the part from the su 
face, time is required for heat to be conducted inward 
Ihe process cannot treat thin parts, and caution must be 
used so that the outside surface on which the flam« 
impinges will not become overheated and oxidized 


1I—SURFACE TREATMENTS 


Overlaying the metal surface is the other basic method 
It is done either by flame-spraying or hardfacing. Bot! 


increase resistance to wear and sometimes to corrosion 
Initial costs are low; either a simple spraying gun or weld 
ing equipment can do the job. This equipment is port 
able, so is particularly useful for large parts where equip 
ment can be moved to the work. Because overlay prop 
erties are independent of the parent part, they can be 
chosen specifically for the application. These two pro 
esses, however, do not add significantly to part strength. 


Spray coatings of a given metal generally have better 
wear resistance than the same metal in unsprayed form 


continued, next page 
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STRONGER SURFACES 


Metallized coatings are useful for abrasive wear and where 
lubrieation is marginal or intermittent. The porous coatings 
usually absorb enough oil to provide extra lubrication. 
Certain coatings will also prevent corrosion when sealed 
On the other hand, the composite—base and coating 

cannot take impact loads or highly localized loads. Duc 
tility of the coatings is low and on some shapes tensile 
tresses due to shrinkage may result in loss of adhesion 


Any metal can be the subtrate for a spray coating. 
[he coating metal is chosen to suit the application. For 


some types of work, an intermediate sprayed-metal layer 
is used to improve bond. Because the sprayed metal cools 
through a larger temperature range—from molten temper- 
ature to room temperature—it shrinks more than the bas« 
metal. For spraying on the OD of a part, the coating 
will shrink onto the part and become stressed in tension 
Usually, surface roughening by blast and a slight preheat 
will suffice to give good adherence. On interior diameters, 
coatings shrink away from the base metal. Heavier coat 
ings, because they have high shrinkage force, may require 
mechanical interlocks like dovetails machined into the 
base metal or an initial spray with high-melting molyb- 
denum that bonds onto nearly all base metals except 
copper or copper alloys. 

One of the most common coating metals sprayed on for 
wear resistance is type 420 chromium stainless steel. It 
has a tensile strength of about 40,000 psi and a hardness 
of RC 25 to 40. This hardness takes into account porosity 
of the coating; actual hardness of the particle is approxi- 
mately RC 52. Sprayed 420 steel is finished by grinding 
Corrosion protection is better than that for the carbon 
steels when the coating is sealed with a phenolic resin 

'wo carbon steels are used as sprays for wear resistance 
carbon steel with an over-all hardness of RC 40 
particle hardness of RC 67) and a 0.25% carbon steel 
with a hardness of RC 25 (particle hardness of RC 45 
(he latter can be readily machined to a good finish by 
normal machining tools. 


in U.d5U0 


\ sprayed coating of molybdenum has a hardness up 
to RC 4 
RC 55.) 


types of sliding wear. 


Particle hardness is much higher and is about 
Wear resistance is high, particularly to certain 
One example is the molybdenum 


spray on aluminum cvlinder barrels to provide a wear sur 


face. Sprayed-on molybdenum lowers fatigue strength of 
some materials. 

Flame-spraying processes can also deposit high-melting 
materials such as tungsten carbide, aluminum and = zit 
conium oxides and other refractory materials. These cet 
amic-type materials are hard, very wear-resistant and, 
applied in thin layers, can solve many special wear prob 
lems. 

Alloy powders, flame-sprayed and fused onto the bas« 
metal, give coatings that are resistant to abrasion and 
have excellent hot-hardness up to 1400 F. Such coatings 
are nonporous, so they also give good protectien against 
oxidation and corrosion. These materials, essentially nickel 
chromium or cobalt-chromium alloys with fluxing agents, 
are applied in thicknesses from 0.010 to 0.125 in. The 
coatings are uniform and smooth so they require littl 
grinding to bring them to finished size 


Hardfacing by welding or brazing is an inexpensive 
way to build up heavy wear layers that must resist impact 
shock loads. ‘Thicknesses from #: to % in. are thicker 
than those that can be economically deposited by any 
other method. Although initial costs are low—requiring 
little capital expense—costs for labor and materials are 
high. Because the hard overlays are usually tough to 
machine, much hardfacing is done on crude wear surface 
where the part need not meet finished dimensions. How 
ever, finished surfaces can be ground to dimensions. 

A good starting point in selecting overlay material i 
These have good resistance to abra 
sion and light-impact load. They retain hardness up to 
1000 F, have high compressive strength, and are easily 
applied by arc- or gas-welding. If impact or tensile stresses 
are moderate to high, tougher martensitic alloys with less 


the martensitic irons 


carbon are a better choice. Austenitic steels will resist 
impact better, and the nickel-base alloys and stainless steels 
have better corrosion resistance. 

Above 1200 F, conditions favor choosing the cobalt 
base alloys. They have good resistance to oxidation and 
corrosion from hot gases, and retain hardness and strength 
it elevated temperatures. These, however, are expensive 
so are generally limited to elevated-temperature service 
Other hardfacing materials contain hard granules of tung 


ten carbide for special tool and wear applications 


EDITOR’S NOTE: For additional in- 
formation on these and other tech- 
niques to increase surface resistance 
to corrosion and wear: 

How to Avoid Abrasive Contamina- 
tion of Precision Mechanical Devices, 
Aug 15 '60, p 51—Shows ways to re 
duce friction and eliminate seizing 
caused by minute abrasive particles 
too fine to be detected even at mag- 
nifications of 200 X. 

Today’s Chrome Plate Finishes, July 
4°60, p 36—Relates new duplex chrome 
and. duplex nickel electroplates to 
older finishes. 

Aluminized and Chromized Coatings 
Change Steel Properties, June 27 ’60, p 
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31—How enlarged grain and decar 
burized zone alter the base metal’s 
mechanical properties. 

Plating Parts by Peening Them, Mar 
14 ’60, p 70—Patented low-cost method 
imparts corrosion resistance by tum 
bling steel parts with metal powders 

Plasma-are Plating, Dec 8 '58, p 104 

—-With working temperature of 20,000 
F plus, the plasma-arc torch can melt 
any metal or ceramic. Article gives 
data on coating properties and design 
parameters. 

More Surface Polishing . .. Less 
Galling, Nov 24 ’58, p 63—A precondi- 
tioned surface is most important to 
prevent galling of metals. These test 


results show why parts should be 
“worn-in” before they take loads and 
why cast irons are less likely to gall 
than steel or brasses. 

New Coefficients Predict Wear of 
Metal Parts, June 23 ’58, p 71—-Analysis 
of four different types of wear; simple 
formulas employing wear coefficients 
give answers that can lengthen life of 
a sliding system. 

Chromizing for Resistance to Corro- 
sion and Wear, Nov °56, p 180—How 
gaseous diffusion of chromium pro 
duces either ductile or hard surfaces 
on steel parts. Gives typical applica 
tions and shows how base metal 
changes character of the case. 
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BERYLLIUM fabricating 
room at Standard Pressed 
Steel. Shank of bolts is turned 
on lathe (left); hand-ground 
on grinder (center). Bolt 
heads are then upset in press 
(rear). 


55% THREAD DEPTH will make 
BERYLLIUM BOLTS practical 


New large-radius thread root increases fatigue strength 


without losing stripping strength; promises improvements 


in fastener design—beginning with beryllium. 


NICHOLAS P CHIRONIS 


Associate editor 


AA new thread form, employing threads with a large 
root radius and a thread depth only 55% of the theoretical, 
has improved remarkably the fatigue strength of bolts 
made from notch-sensitive materials. The large-radius 
threads accomplish this by reducing stress concentrations, 
and to them goes major credit for the successful outcome 
of a research program to overcome the notch sensitivity of 
beryllium. The result may soon be catalog-listed beryllium 
bolts. 

Experimental work on the new thread form began about 
a year ago (PE—“The Trend Toward Bolts with Large 
radius Roots,” Nov 9 ’59, p 89). At that time, however, 
it was the 75% thread that was the talk of the fastener 
industry. ‘This thread, introduced by Standard Pressed 
Steel as its Hi-R thread, increased the fatigue strength 
of bolts by approximately 30,000 to 60,000 psi over its 
predecessor—the 834% thread. Advantages of the 75% 
thread were so pronounced that the government recently 
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established a military standard, MIL S-8879, to permit 
its use for the aircraft industr 


Latest—the 55% threads 


The 55% thread, developed by an SPS research team 
on beryllium, headed by Robert L Sprout, manager of 
R & D, increases the root radius to a still greater degree. 
The radius at the root blends with thread flanks at a 
point 55% below the crest of the Unified and American 
basic thread depth (see illustration, next page). True, the 
75% thread has an advantage; it requires only that existing 
inspection gages be ground down to new depths; and 
it mates with almost every standard nut or hole. The 55% 
thread, on the other hand, requires that holes of internal 
threads be tapped larger—but this may be small price to 
pay when reviewed against its benefits: 

e Fatigue strength has always been the limiting factor 
with notch-sensitive materials. However, with beryllium 


75 





STRIPPING STRENGTH OF THE NEW THREADS? 





NF-3 threads 
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WHY 55% THREAD-DEPTH IS PRACTICAL— 
tests show that decreasing the depth does not 
‘ stripping strength of bolt until threads 
are reduced to about 50% of theoretical. 


. 


question arises as to the stripping 
of bolts with 55% thread depths. SPS 
is conducting tests and results look good, but it is 
for conclusions. It is interesting to refer, 

te a series of tests and supporting analysis 

by C J. Oxford Jr of the National Twist 


bolts, the 55% thread improved fatigue resistance to the 


point where tensile strength is now setting the upper 
limit of bolt loading. 

e The new threads can double the number of hours 
that ordinary bolts can withstand loads at high tempera 
ture 

Because of these benefits, it can be predicted that the 
new threads will find work in bolts of all types and 


materials. 


The need for beryllium bolts 


SPS has conducted studies on beryllium shear bolts i 
both protruding and 100° flush-head configurations (s¢ 
sketch, next page). These bolts have strength-to-weight 
properties superior to the steel and titanium fasteners now 
available. The beryllium bolts are one-fourth the weight 
of steel, one-half the weight of titanium and lighter than 
magnesium and aluminum. 

Why the call for beryllium bolts? 

e High strength-to-weight ratio. 


reason for their use in items such as low-inertia, high 


Chey offer 


Chis alone is sufficient 


speed computers, or in aircraft and missile applications. 
e Strength at high temperatures. At 550 F, 
still has a significantly higher strength-to-weight ratio than 


beryllium 
stainless steel. Aluminum and magnesium cannot be 
employed over 500 F. Melting point of be rvllium is on 
the order of 2350 F. 

e Heat-sink properties. Specific heat of beryllium is 
twice that of copper. Hence, it is an excellent heat sink 
with high thermal conductivity. ‘This makes it ideal 
for use in such items as aircraft brakes that depend on 
one-shot heat capacity rather than fast dissipation. 

e Atmosphere-corrosion resistance—equivalent to that of 
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Drill and Tool Co, Rochester, Mich, and J. A. 
Cook of the National Machine Products Co, Utica, 
Mich, in an ASME paper (#54-A-85). “The Influ- 
ence of Tap Drill Size and Length of Engagement 
upon the Strength of Tapped Holes.” ‘The tests 
were on external threads made of three different 
steels ranging from soft to very hard. These were 
engaged with cast iron internal threads having 
thread depths ranging from 25 to 95%. 

Length of engagement for these tests was equal 
to the height of a standard nut—although for one 
vise, the engagement: in Sat sorte ee: fra” 
100% of nut height for each thread-height per 
centage. Sizes were 3-16 UNC-3, 4-24 UNF-3, i ll 
UNC-3 and 3-18 UNF-3, which are representative 
of common high-grade usage. Almost all of the 
tests were conducted by pulling or pushing the ex- 
ternal thread through the mating nut. 

Clear indications have been found that maxi- 
mum strengths in all the combinations tested were 
developed at approximately 50% thread depth (sec 
chart at left). This was true regardless of the rela- 
tive stSengths of the materials from which each ele- 
ment was fabricated. The 55% thread, therefore, 
seems to be on solid ground. 


RADIUS of the new shallower threads blends with threac 
flanks at a point 55% of basic thread depth, h 


iluminum. A beryllium oxide coating is formed naturall; 
like aluminum oxide on aluminum, and shields the meta 


from further corrosion 


Bervllium, 


keep it from becoming the wonder metal of the century 


however, has some characteristics which 


It is toxic, so measures must be taken to protect worker: 
skin and lungs from beryllium dust and fumes It 
expensive (though its high price may be a bargain when 
compared to estimates of as high as $1 million to put 
1 pound of payload into orbit 


These innovations also help 


Besides the 55% thread which helps overcome the 
notch sensitivity of the bolts, tests showed that several 
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TWO TYPES—hexagonal and flush-head beryllium bolts 


Table I—TYPICAL PROPERTIES OF SHEAR BOLTS 


Titanium Steel 

170,000 200,000 
105,000 115,000 
60,000 20 ,000 


Beryllium 
75,000 
65,000 
45,000 


Property 


Tensile Strength 
Double Shear Strength 
Endurance Limit 


Table ll—STRENGTH-TO-WEIGHT COMPARISON OF SHEAR 
BOLTS 


(results are in stress-per-density units) 


Beryllium Titanium Steel 

1,136,000 1,064,000 715,000 
986 ,000 656,000 411,000 
682 ,000 375,000 71,400 


Property 
Tensile Strength 
Double Shear Strength 
Endurance Limit 


other innovation helpful to obtain maximum bolt 


strength 

e Threads of the companion nut should distribute the 
stresses Over a wide area Cherefore aluminum nuts wer 
employed in the test program and are proposed for usc 
with beryllium bolts for other than high-temperature 
ipplications. 

e The bolt shank should be given a chemical surface 
treatment to remove minute scratches which often lead to 
fatigue failure. 

e Fillet radius under the bolt head has been made as 
large as practical, and cold-worked by means of a rolling 
ball 

@ Fabrication includes a turned and _ surface-treated 
shank, rolled threads, upset head and worked fillets 


Strength-weight comparison 


In a strength-to-volume comparison with titanium and 
high-strength steel bolts (Table I), beryllium bolts have 
little to show. They stand last in tensile and shear 
strength, and although they do better in fatigue (endur- 
ance limit) than do the best aircraft shear bolts, they do 
not have the fatigue life of the titanium bolts. 

But a strength-to-weight comparison (Table II) shows 
a different story: 
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BERYLLIUM BOLTS continues 
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,” 
-ycies TO Tollure 
TENSION-TENSION FATIGUE TEST CURVES for 5/16-24 


hexagonal-head bolts (A) based on actual data 
modified on basis of strength-weight ratios 


ein shear strength, the beryllium bolts are 14 tim 


stronger than titanium bolts, and more than twice as strong 
is steel bolts 

e In fatigue, the beryllium bolts are twice as strong as 
titanium bolts and almost 10 times stronger than steel 


bolts. 


These tests were made 


To fully evaluate the beryllium bolts these tests wer 
performed: 

1. Tensile test of the base material 

2. Tensile test of the bolt 

. Double shear test of the bolt shank 
lension-tension fatigue test of the bolt 
lorque-vs-induced-load test of the combination 
bolt and aluminum nut 

6. Locking-torque tests of the nut-and-bolt combination 

Results of tension-tension fatigue tests on one size of 
bolt are shown in the S-N curves above Tests were run 
up to 8 million cycles, although the bolts can endure 
longer cycling 
EDITOR’S NOTE—For more information on stripping 
strength of bolts see: 

Minimum Screw-lengths for Tapped Holes, Sep 28 ‘59 
p 69. This includes design charts for determining how far 
a bolt should be engaged in a tapped hole to have stripping 
strength equal tensile strength 





three nomographs aid in 


DESIGNING PRESSURE VESSELS 


Use these charts to find wall thickness, 


hoop stress or pressure limit. 


F KAPLAN 


Kaiser Engineers Div, Henry J Kaiser Co 
Oakland, Calif 


Barlow Thin-wall Equation 
Wall thickness i = PD/2S 
Hoop stress is assumed to be uni 
formly distributed through the thick 
ness of the shell wall. 


EXAMPLE: An 8-in.-dia. cylinder must 
hold 2000-psi internal pressure. What 
wall thickness will limit hoop stress 
to 20.000 psi? 


SOLUTION: Diameter of 8 in. is off 
the scale, so solve using 0.8 in., then 
multiply t by 10. 

Draw a line between 0.80-in. diam- 
eter at left to 2000-psi pressure, and 
extend te pivot line at right. From 
intersection at pivot line draw a line 
through 20,000-psi hoop stress to wall 
thickness at left, 0.040. Required wall 
thickness is 0.040 x 10 = 0.40 in. 


O 
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JOINT EFFICIENCY 


O Fully Spot- 


Type of Joint Radiographed | Radiographed | Radiographed 








Double-welded butt jcint 1.00 0.85 0.70 


Single-welded butt joint 0.90 0.80 0.65 
with backing strip 





Single-welded butt joint Joints not used in applications 
without backing strip requiring radiographing 





Double full-fillet lap joint 


Single full-fillet lap joint 
with plug welds 

Single full-fillet lap joint 
without plug welds 








Conservative Thin-wall 
Equation 

ASME Pressure Vessel Code equa 
tion includes construction factors 
shown in table above. This equa- 





tion also assumes that hoop stress is 
uniformly distributed through thick 
ness of shell wall. 


Wall thickness ¢ PD/2(SE — 0.6P 


EXAMPLE: An 84-in.-dia tank will have 
backing strip on single-welded butt 
joints which are to be spot-radio- 
graphed. Internal pressure is 190 psig. 
To keep hoop stress down to 10,000 
psi what must wall thickness be? 


SOLUTION: From table, joint efficiency 
E is 0.80. Extend a line from hoop 
stress at top through joint efficiency 
on pivot line to product S x E at 
bottom. From this intersection draw 
1 line to internal pressure at top. Con- 
nect the intersection of the second 
line with the pivot line and inside 
diameter at left. Extend to right to 
hit wall thickness t 1.0 in 


Jit iil ill Lill 


| 
pees ii 


Thickness ¢. in 


Wal! 











 « | ! TTT evininitiaece-siiel 
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HOW CLOSE SHOULD 
THE TOLERANCES BE HELD? 


This part may be produced in a ten-stage, progressive stamping die. It will be 
made from 0.030” low carbon cold rolled strip steel. The normal gauge tolerance 
is 0.0015” ... or, a total variation of 0.003”. 


Is this tolerance tight enough? 

Of course, tolerance should be no tighter than necessary for the successful design 
of the finished part . . . or for efficient, trouble-free stamping. If the part cannot 
be fabricated with a minimum of production trouble, the tolerance is not tight 
enough . . . regardless of the design requirements of the finished part. In an 
intricate, high speed stamping operation, a variation of 0.003” could easily result 
in a high percentage of rejects; could cause frequent down-time . . . constant tool 
adjustment; could create needless production problems. 


Why not check your own stamping operation? 


Assured optimum production starts with the design specifications . . . with the 
specification of J&L Precision cold rolled strip steel. J&L can hold gauge toler- 
ances to tenths of thousandths to provide steel which will perform as your design 
specifies .. . to deliver the maximum yield per pound of steel. 


The experience, facilities and accumulated know-how of a specialized organiza- 
tion .. . directed exclusively to the processing of low carbon, high carbon, alloy, 
tempered and stainless strip steels . .. are available to work for you. For assistance 
in solving your problems, call your J&L Stainless and Strip Division representa- 
tive, or write to Dept. 235Y-1116 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Youngstown 1, Ohic. 


——————— 
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TEMPERED SPRING STEEL + ZINC AND COPPER COATED 
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DESIGNING PRESSURE VESSELS continued 


Thick-wall Equation 
Hoop stress is not constant across the thickness of SYMBOLS 
the shell. With thick walls this must be taken into D; = Inner diameter, in. 
account. Lamé’s formula finds hoop stress at the D, = Outer diameter, in. 
inner surface where it is highest. P = Internal pressure, psi 
Hoop stress S = ag 9 Ny A a oe r = Inner radius, in. 
EXAMPLE: Cylinder with 7-in. outside radius will hold r. = Outer radius, in. 


5000-psi pressure. What is inside radius for hoop S= stress (circumferential ten- 
stress limit of 15,400 psi? ' stress) at inner fiber, psi 


SOLUTION: Extend line from hoop stress at top, 
through internal pressure op diagonal to S/P, at 


QO - Om oO 


=| 1) 2 


bottom. Join S/P, to outside radius on vertical and 
extend line to inside radius. 


Inside radius r; 5 in 


mir 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Dual-element cartridge fuses 
in 250- and 600-v range, control overload 
currents by thermal cutout element. Snap 
open jaws of heat sinks are activated when 
heat from any source approaches 300 | 
Time delay prevents needless blows from 
harmless everloads such as motor starting 
surges. Fuse-link elements are said to blow 
fast on short circuit 
to National Electrical Code dimensions 
and fits standard fuse mountings. Priced 
competitively with older design dual-ele 


UL-approved. Built 


ment fuses on market. From stock. Sizes 
from zero to 15 amp to be available in 
1961. Monarch Electric Div, El-Tronics 
Inc, Jamestown, NY. 
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Flexible vinyl tape is 
magnetized on one side. . . 
and is practically nonmagnetic on the 
Nonmagnetic side can be molded, 
embossed, _hot-stamped, 
screened or laminated with printed or 
Can be 
cut with scissors or die-cut in mass pro 


other 
printed, _ silk- 


unprinted foils, films or papers 


duction. Uniform distribution of magn« 
tized particles permit magnet to conform 
to product design. Furnished in standard 
bulk rolls, dark 
2 in. wide and yx to 4 in. thick. Also 


die-cut and 


brown in color, x to 


molded, 
Material can also b 


available printed, 


laminated to order 
xtruded to order for special shap« 
Standard shapes range from 35¢ to 75« 
per ft for 1 to 99 ft, depending on width 
to 2 in.) and thickness (7 to 42 in.) 
For over 20,000 ft, price range drops te 
l2¢ to 28¢, depending on width and 
thickness Min 
Applied Magnetics Corp, 1 
Leeds, Mass. 
Circle 301 on Reader Service Card 


order, $20 


River Rd, 


sample 


Ultrasonic liquid-level control 
utilizes explosionproof stainless _ steel 
actuates instantly when any 
touehes sensitive 
Suitable for use with all liquids, including 
corrosive or explosive fluids. Said to have 
repeatability within thousandths of an 
inch, and not to be affected by film or 


probe that 


liquid probe surface 
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scale buildup. Does not actuate in foam 
or froth. Probe is capable of operating 
at pressures over 2000 psi. 
probes and their 
are offered in variety of forms. Can be 
used for overfill alarms, automatic pump 
startup and shutdown, 


Ultrasonic 


respective controllers 


low-level indica 
tions and variety of centralized solenoid 
valve programing. Prices start at $149. 
From stock. Powertron Ultrasonics Corp, 
Patterson Pl, Roosevelt Field, Garden 
City, NY. 

Circle 302 on Reader Service Card 


Process color-coats metals . . . 
including both ferrous and non-ferrous, 
treatment. ‘Chemical surface 
process is available in 
which are said 


in single 
treating 
grades, clear and colored, 


several 


to be corrosion-resistant, have good weath 
ering properties and are color fast. In 
addition to being resistant to acids, alkalis 
are reported 


and solvents, color coatings 


to be more economical than color anodiz 


ing or painting. Coatings are applied in 
aqueous solution at room temperatures 
applied by 
1 spray l'reated 
metal is heated to 350-425 F to cure 
coating. Available in pilot quantities. 
Pennsalt Chemicals Corp, 3 Penn Center, 
Philadelphia 2. 
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Low-viscosity solution can be 


roller coating, dip 


‘ 
3 


Rotating electrical connector... 
permits intermittent 
tinuous free rotation of electrical lines 
and conduit without twisting or tangling 
Connector employs silver-plated contacts 
and is said not to need lubrication since 


rotation or con 


t is ballbearing-equipped throughout 
Normally furnished dripproof, but sealed 
unit is available. Originally designed as 
electrical connection for attachments 
mounted on rotating machine-tool ele 
ments, swivel connector has wide range 
‘f industrial and commercial applications 
Available in several configurations with 
various types of connectors. Inlets accept 
rigid conduit, flexible B-X cable and all 
standard heavy-duty electrical wiring for 
single or three- phase motors. Standard 
model has 5-hp rating, 220 v at 15 amp, 
but electrical capacity for most applica 
tions can be supplied. Size is 24 in. dia 
ind 5 in. long. Price, $75. Immediate 
delivery. Ward-Riddle Co, 241 Myrtle St, 
Ravenna, Ohio. 

Circle 304 on Reader Service Card 


High-temperature adhesives 
can be cured at far lower temperatures 
than those at which they will be used. The 
first, an elastomeric adhesive, is rated to 
vithstand in excess of 300 psi in shear at 
700 F for 1 hr. Because it is based on 
silicone elastomers, it is expected to have 
environmental resistance of silicones. Said 
to be applicable as high-temperature seal- 
int or potting compound. The second, a 
ne-component system, is a pasty adhesive 
r sealant, especially useful for sealing and 
ipsulation. Tests under tension indi 
ite it can be used at 50 psi at 800 F for 
Adhesive is not rubbery, but 
ble. The third, 
impact resistance and 


a rigid structural 
ve, has more 
ry lexibility than straight phenolic or 

y adhesive. Recommended for usé 
tween 600 and 1000 F. Radiation Ap 
oli ations Inc, 36-40 37th St, Long Island 

City, NY. 

Circle 305 on Reader Service Card 


Electronically welded copper 
tubing with 4 to 34 in. OD and wall 
thicknesses from 0.017 to 0.140 in. is pro 
luced by high-frequency process, which is 
iid to offer significant cost savings. In 
iddition to copper and brass tubing, elec- 
tronically welded tubing with closer gage 
tolerances than extruded or drawn tubing, 
round and shaped, from all other metals, 
ncluding the exotic alloys, can be supplied. 
Forming mill graduates flat feed strip into 
nearly complete circle, then welding unit 
ipplies current to open faces of strip at 
frequency of 450,000 cps. Welding unit, 
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with power capacity said to be equal to 
three average ‘T'V stations, can heat faces 
of cold copper strip to 1700 F, ready for 
welding, in less than 1/60 sec. Heated 
faces are welded between squeeze rolls. 
Pilot runs of light-wall copper tubing are 
reported to withstand pressures of more 
than 2000 psi. Tubotron Inc, 654 3rd St, 
Newark, NJ. 

Circle 306 on Reader Service Card 


Meter-relays with plug-in 
controls .. . 
ombine instrument and relay functions 
These 44-in. meter-relays—in load-current 
ontact-aiding and magnetic-contact types 
use control packages that can be plugged 
onto back of mounted 
remotely and connected to the instrument 
by cable. Both instrument and control 
package are provided with standard 11-pin 
octal plugs 


instrument or 


Instrument relays are used 
primarily for contro] or alarm of any 
quantity. Both 
Relay 
adjustable over entire scale and high and 
low limits can be set from front manually 
Reported to have sensitivity as low as 


electrical meter-relays 


have 100° scale contacts are 


5 microamp, indicator accuracy of +1%, 
mirror scale, contact accuracy of +4% of 
full scale for lock-in. Control package 
for use with de meter-relay utilizing load 
contact aiding coil consists of 
power supply for rectifying ac to de and 
two relays capable of carrying loads up to 

amp. Meter-relay can be connected 
directly to dc circuits 
60 cps line 


current 


sensing signal 
requiring control and 120-v, 
voltage. Control package for use with 
meter-relay with magnetic contacts con 
sists of two ac auxiliary relays capable of 
arrying loads to 5 amp. No power supply 
solenoids can be 
operated directly from ac. Daystrom Inc, 
Weston Instruments Div, 614 Freling- 
huysen Ave, Newark 12, NJ. 


Circle 307 on Reader Service Card 


1§ necessary since 


Six subminiature transistors . . . 
ire said to be 21 times smaller than 
presently available transistors of same 
electrical characteristics. Differing only 
in size, weight and dissipation, six welded 
germanium alloy transistors are hermeti- 
cally sealed in metal cases with metal and 


glass base. Max outside dimensions are 
0.130 x 0.130 in. Collector dissipation 
of units is 70 milliw at 77 F. Priced 
from $1.99 to $5.50 in 100 to 999 lots. 
Raytheon Co, Semiconductor Div, 200 
First Ave, Needham, Mass. 

Circle 308 on Reader Service Card 


Adjustable thermal overload 
device with single-phasing protection is 
available for direct bolting to load term 
inals of contactors. Provides adjustable 
three-pole overload protection and incor 
porates rapid tripping device to protect 
against damage to motor windings, even 
with motors under light load conditions 
Nine current setting ranges from 0.35 to 
25 amp are available. Contactor with 
thermal overload device with manual 
resetting single-phasing preventor is 
$11.73. Schrack Electrical Sales Corp, 
1100 Madison Ave, New York 28. 
Circle 309 on Reader Service Card 


Small-dia pulleys . . . 
for standard 4-in. V-belt drives are pro 
duced with groove dimensions to RMA 
standards. Max width is ? in., including 
in. extended hub. Bores and grooves of 
pulleys are machined in single chucking 
Eleven pulley sizes from 1 to 64 in. OD 
are stocked in 4 in. increments. Available 
in range of 44 stock bores. Pulleys can als: 
be used with 3/16 and ¢ in. round belts 
Sizes to 2 in. OD are steel; larger dia are 
aluminum alloy and webbed on hub side 
for light weight. Climax Metal Products 
Co, 863 E 140 St, Cleveland 10. 

Circle 310 on Reader Service Card 


Double-circuit control switches 
for DPST switching or operation of two 
independent SPDT switches by same actu 
ating button are sealed against dust, dirt, 
condensation and splashable liquids. Case 
halves are permanently sealed together and 
flexible silicone boot seals clearance be 
tween case and operating button. Can be 
furnished with plain button, hinged lever 
actuator, or hinged roller-lever actuator 
UL- and CSA-listed for SPDT operation 
at 15 amp, 125/250 v ac, + hp, 125 v ac, 
or 14 hp, 250 v ac. Said to be low in 
cost. Unimax Switch Div, W L Maxson 
Corp, Ives Rd, Wallingford, Conn. 

Circle 311 on Reader Service Card 
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Die-stamped circuits . . . 
are made by die-cutting conductor pattern 
from metal foil coated on one side with 
thermoresponsive adhesive and simultan 
eously bonding circuit to insulating base 
material under heat and pressure. Us 
of long-wearing embossing dies permits 
production runs of about 4 million circuit 
boards without die change and while main 
taining light tolerances on the circuit 
l'olerances can be held to 0.003 in. Die 
stamped circuits are reported to provid 
savings of 10 to 40% over etched circuits 
In general, an order for 25,000 or more 
circuit boards can be produced at less cost 
by die stamping than by etching. Dy- 
tronics Inc, 115 Main St, Rochester, Mich. 
Circle 312 on Reader Service Card 


Bonded lubricant coating . . . 
for ferrous surfaces is said to requiré 
neither chemical nor mechanical surfac¢ 
pretreatment. ‘T'wo-part coating is mixed 
for use and sprayed directly upon clean 
part. Air-dries to tough, thin film within 
5 hr. Lubricating element is molybdenum 
disulfide powder. Applied coating thickness 
8 to 0.0001 in. and coefh 
ient of friction of 0.03 at 10,000 psi 


of from 0.000 


Operates throughout temperature range of 
300 to 600 F. Min coating 
Originally designed tc 

utting tool life, 


re porte d to be 


coverage i 
285 sq ft per Ib < 
increase coating is als 
suited for heavily loaded 
ferrous bearing surfaces. Not for corrosio1 
Alpha-Molykote Corp, Har 
vard Ave, Stamford, Conn. 


Circle 313 on Reader Service Card 


protection 


Lightweight sequencing 
switch .. . 


said to exceed 50,006 


cycles min is her 
metically sealed. Reported to meet or 
exceed MIL-E-527, MIL-I-6181, MIL-W 
5026 and MIL-S-901 
ever rotary motion must be transmitted to 
circuit control. Operation shaft has male 
serrated shaft, 4 in. long and 5/16 in. dia, 
with female section to accept male section 

continued on page 84 
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continued 


for ganging for multiple sequencing. Can 


- | be mounted by studs or bolts with torques 
4 % ‘$ ¥ 4 sd up to 40 in.-lb without causing distortion 


or malfunction of switch mechanism. Divac 


ISO-ELASTIC™ 
the alloy to 
remember when real 


PRECISION SPRINGS —E 


vithstands high impact shock. Basically a 
are nee p two-way, two-position, magnetically oper 


ated valve, which can be supplied normally 





open or normally closed, depending upon 
application. Lightweight ac coil with full 
wave rectifier operates on 100-125 v ac at 
60-400 cps. Missile/aircraft version 
housed in forged aluminum body and oper 
ates on 18-30 v de. Operating pressure 
3000 psig; proof and burst pressures are 14 
ind 3 times respectively, of operating pr 
sure. Capacity for 4 in. line size is based 
Giants of American instrument industry, including such firms as. . . on 0.490 in. equivalent sharp edge orifi 


@ Bulova Research & Development Laboratories, Inc. | and 0.600 for 3 in. line size. Line and 


® Eclipse Pioneer, Division of Bendix Aviation Corp ambient temperatures are —65 to 160 | 
| Marotta Valve Corp, Boonton Ave, Booa 
ton, NJ. 


Circle 315 on Reader Service Card 


@ Federal Telecommunication Laborotories, Inc. 
@ General Electric Co. 
®@ Sperry Gyroscope Co. 


and many others think of CHATILLON, when instrument design 
calls for the ‘world's most accurate spring"’. | Acceleration-sensitive switch 


responds to acceleration in one direct 


CHATILLON . . . the leading manufacturer of precision springs is 
particularly proud of the improved performance record of instru- 
ments using the noteworthy CHATILLON developed temperature- 
compensated alloy “‘Iso-Elastic’’. The hysteresis error of this remark- 
able spring is less than .05%/, of deflection. Drift does not exceed 
.02% of deflection in 5 minutes. These characteristics plus tempera- 
ture compensation insure the ultimate in precision spring production. 


along a single axis. Resets by means of high 
acceleration in opposite direction or man 
ual reset. Contact rating is 2 amp i 

tive. Contact arrangement can be SPST o1 
DPST, normally open or normally closed 
Measures # x # x 14 in.; weighs 3 oz 
Accuracy is said to be under 0.2 g; respons 
CHATILLON makes Extension, Spiral, Torsion, Compression and | time to be less than 50 millisec. Operates 
Form Springs of Iso-Elastic material, os well as springs of all con- | in. —65 to 250 F. Range is from 0.2 to 


ventional alloys. 1000+ g. Eastern Technical Associates 


4 


To find out how "the World's Most Accurate Spring" can better your | Ine, Main St, North Acton, Mass. 
product and for engineering bulletins, write CHATILLON SPRING Circle 316 on Reader Service Card 
DIVISION. 


neta E ILA, Solid, unmodified epoxy resin 


J 0 ud N HATI LLO N & 5 ¢ N 5 is said to eliminate sintering and fusing 
during storage. Recommended for use in 
r= od a) 1 2-2-0 i ee a ee ol) ace: ee adhesives, laminating and surface coatings 


Produced through process that permits 


Manufacturers of Scales, Force Measuring Instruments and Precision Springs Since 1835 
¢ di. close control of molecular distribution 
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resulting in narrower specifications, lowet 
urface tension of vehicles, improved solu 
bility and better clarity. Reported to cost 
Z¢ per lb less than other resins of same 
general type. Experimental samples are 
available. CIBA Products Corp, Fair 
Lawn, NJ. 

Circle 317 on Reader Service Card 


Extruded polycarbonate tubing 
can be ordered in tube diameters from 
0.040 to 14 in. and wall thicknesses from 
0.015 to 0.125 in. Strips, small rods and 
profiles can also be extruded. Anchor 
Plastics Co Inc, 36-36 36th St, Long Island 
City 6, NY. 

Circle 318 on Reader Service Card 


Diaphragm-type pressure 
switch . . . 
is responsive to pressures as low as 0.25 
in. water column with on-off switch differ 
ential of 0.1 in. water column when switch 
is supplied with range of 2 in. water col 
umn. Can be used as vacuum or differ 
ential control if vacuum or low pressure 
connection is connected to air or inert 
gases. Pressure connection is for air or 
inert gases. Unit is 4 x 5 in. dia and 
weighs 14 lb. Usually mounted on vertical 
surface. Settings are adjustable. Supplied 
in ranges of 2, 4, 8 and 20 in. water col 
umn. Max pressure of 40 in. water column 
an be applied to switch without damage 
SPDT contacts are rated 15 amp at 120 
250 v ac, 4 hp or 125 v-amp pilot duty 
Henry G Dietz Co Inc, 12-16 Astoria Blvd, 
Long Island City 2, NY. 

Circle 319 on Reader Service Card 





Precision can be designed into any power transmission 
equipment. But precision performance results only when 
the gearing is made to the exact specifications for a 
particular application. 

CINCINNATI Custom gears and gear boxes are pre- 
cision made, precision inspected, GUARANTEED— 
with delivery dates as promised! 





| 


Cam-and-ratchet relay Sao hy Send for NEW 32-page Technical Brochure | cincinnatt 


counts, absorbs or controls pulses at regu Gears: 


lar intervals from continuous train of timed 
and closely spaced pulses in pulse-operated | H } = 
ontrol circuits. Relay is about 4} x 24 x 


1 3/16 in. and weighs 104 oz. Cam and CINCINNATI 


ratchet-type mechanism has operating coil 


consumption ranging from 150 to 200 ( rE AR ( ‘~— 
* 


milliamp at 50 v, depending on springset 
loads. Magnet coil power is restricted to Wooster Pike and Mariemont Ave. Cincinnati 27, Ohio 
10 w to avoid overheating of either relay ® Custom Gear Makers Since 1907 


continued on page 88 GEARS, good gears only 
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clip-on 





receptacle cuts 
14 turn fastener 
installation 


time by 86/ 


for LION 14 turn FASTENERS 


Riveting and welding are eliminated by the new, time- 


saving clip-on receptacle that just slips over a hole in STANDARD STUDS 
your door frame and locks itself in place. 

The Lion stud is as easily installed. Slipped through a 
hole in the panel or door, it is captivated by a split ring 


retainer. Both the stud and receptacle have a generous Ove, wae mua usa 4 wanes man 


6é ‘ 9 © icali > ‘ > 
float’”’ to tolerate misalignment of parts. tatedabs tei aniniainioes 
Finish: Cadmium plate per Q@Q-P-416 TypelI Cl. | 


Operation is fast— 14 turn to lock, 14 turn to unlock. 
I 4 4 





CLIP-ON 


For complete information on this and RECEPTACLE 


other fasteners, send for your free copy 

of Southco Fastener Handbook, 

Southco Division, South Chester Corporation, 
236 Industrial Highway, Lester, Pa. 








@ SP | 
{ BLIND 1-4 TURN AD) PAWL DOOR SCREW 
Rivets FASTENERS | FASTENERS | LATCHES | FASTENERS 


RETAINING | ANCHOR © 
SPRINGS nuTs 
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For Your Power Drive - Design - Application or Replacement Maintenance 


There's a 


a) CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you 


a cylinder of either air or hydraulic 


application-—-with practically limitless 


bore, stroke, 


delivery 


design specifications for 


pressure range and even 


requirement. From the 


evo envEre 


i Rao 


THE ONLY 
COMPLETE 
ENGINEERING 
CATALOG 
LINE, TOO! 


3Q-1068-4 
for the TJ 
—" 


time-tested, 


standard tie-rod air and hydraulic, to the 
and including 
Head, 


features 


exclusive T-J Spacemaker, 


the recently introduced Squair 


T-J cylinders give more 
for efficient, 


Write today! 


you 


long-lasting operation. 


HSMs-68-4 
for the High- 
Pressure Hydraulic 
Spacemaker cylinder 


the lacomperable 
po a 


THE TOMKINS: JOHNSON CO. saceson, mich. 


CYLINDERS ¢ MILLING CUTTERS ¢ RIVETERS and CLINCHERS 
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Ml othe: 
proximity. Relay contains two separate 


components mounted in clos« 


springsets, each accommodating up to six 
contact springs in any combination of 
makes, breaks or changeovers. The spring 
sets can be operated by separate cams 
Constructed of lightweight alloys. Manu 
factured by General Electric Co Ltd of 
England. IMTRA Corp, 11 University 
Rd, Cambridge 38, Mass. 

Circle 320 on Reader Service Card 


Miniature decade counter . . . 
has | in. high, in-line, in-plane numerical 
display, 0 through 9, one at a tim 
feature 


board 


l'ransistor equipped counter 


stacked modular printed circuit 
protected by aluminum dust cover. Off 

add count direction, paired pulse resolu 
tion of kk 
200 ke, input of 10 v at 1.5 usec and out 


s than 5 usec, counting rate of 


put suitable for driving other decade 

Operating voltage is 30 v at 50 ma and 
50 v at 4 ma pulsating dc. Offers electrical 
For use to 13] F. Over-all 
dimensions are ly x 24 x 4} in. Total 


reset to zero 


quanities of 1 


weight is 7 I 
delivery is 4 to 6 wk. In quantities of 
10-99, price is $147. Robotomics Inc, 
4624 E Garfield, Phoenix, Ariz. 


Circle 321 on Reader Service Card 


Panel indicator light . . . 
is two-terminal, fixed assembly that 


nt 


lizes ‘I-]1 series bulb, which has life of 
100,000 hr at 5 v and 60,000 hr at 6.3 
Lights can be installed from front or reat 
Available with MS o1 
ommercial bulbs and red, white, blu 
green or amber lens. Sloan Co, 7704 San 
Fernando Rd, Sun Valley, Calif. 

Circle 322 on Reader Service Card 


in Ys in. dia hol 


Lubricant for high-pressure . . . 
high-temperature applications contains 
modified molybdenum disulfide compound 
and other additives suspended in syn 
thetic base vehicle. Vehicle exaporates 


and leaves durable dry film of solid 
lubricating compound on most metal sur 


faces. Nonflammable lubricant is for use 
up to 750 F. Can be applied directly to 
load bearing surfaces or through grease 
cups and zerk fittings with hand oilers, 
an oil can or by brushing. Hohman Plating 
& Mfg Co, 814 Vermont Ave, Dayton 4, 
Ohio. 

Circle 323 on Reader Service Card 


Enclosed, self-contained switch 
employs from one to five decks, transfer 
ring as many as 2U circuits simultaneously 
when five decks are used. Also availab] 
n one or two pole models. Silver overlay 
ontacts and double bridging of all circuit 


wre used. Current interrupting upacit 


sted for 40,000 operations report 
to be 1 amp at 125 v, 60 cps on 
power factor. Equipped with O-ring 

for watertight mounting. Said to mect 
MIL-S-21604 style JF and BuShips requi 
ments. United States Instrument Corp 
Box 1191, Charlottesville, Va. 


Circle 324 ow Reader Service Card 


Heavy-duty precision switch 
s available in basic form with leaf, hinged 
ever and plunger actuators and with var 
ious terminals. UL-listed for SPDT o} 
ation at 2 hp, 250 v ac, 1 hp, 125 va 
20 amp, 125 va Switch is th x 14% x 
Unimax Switch Div, W |! 
Wallingford, 


in. high 
Maxson Corp, Ives Rd, 
Conn. 


Circle 325 on Reader Service Card 


Constant voltage transformer 
for low-voltage applications is said to have 
accuracy within | Designed specifically 
for automated, processing and machinery 
control fields, units also offer short-circuit 
overload protection and rated voltage vari 
ations for output and input function 
Presently available from stock in output 


continued 


14, 16 and 18 v. ‘Tran 

formers have output capacity of 50 w 
With rated input of 90 to 130 v, output 
voltage is reported not to vary more than 
1.5‘ Essex Electronics Div, Nytronics 
Inc, 550 Springfield Ave, Berkeley Heights, 
NJ. 


ratings of 


Circle 326 on Reader Service Card 


Snap-action switch . . . 
has standard 0.032 x 0.205 quick-connect 
terminals Positive overtravel stops and 
dust-free flange are molded in case. UI 
ind CISA-approved for 5 amp, 50 v a 
Suitable for ofice machines, vend 
tronics and other switch applica 
tion Cherry Electrical Products Corp, 
1666 Deerfield Rd, Highland Park, Il. 
Circle 327 on Reader Service Card 


Bounce-free electronic switches 
we for use with high-speed electroni 
mnponents that operate in less than ] 
rose Switches produce positive or 
Itage output with resistive loads 

to U onm or positive or nega 
itput voltages from resistive loads 
ult pa kage, including 

sures 3.115 x 0.89( 

p. Can be furnished a 

various pushbutt« n or togg! 

Micro Switch, Freeport, II. 
Circle 328 on Reader Service Card 


Erector-type feed tables .. . 


ire offered in standard model 
th tric, hydraulic and pneumat 
ell as manual feed Com 

ial machines range in siz 

ft wide and with longi 

to 15 ft. One and tw 

are available. Standard 

models from stock Master Mfg Co 

Inc, 1336 East Ave A, Hutchinson, Kans. 

Circle 329 on Reader Service Card 


Indicetor-switch light . . . 
momentary keyboard switch originally 
developed for use in electronic fingertip 
juotation selector for use in stock brok 
erage houses. Switches are applicable to 
ill types of keyboard devices and wherever 
momentary fingertip control switching is 
required. Can be installed from front of 
panel. Retained in position by three-point 
pressure mounting clip to prevent switch 
ase from rotating in mounting hole. If 


continued on page 91 


PRODUCT ENGINEERING - NOVEMBER 14, 1960 








Most versatile 





transmission 
ever developed! 


ONLY ROTO-MISSION GIVES YOU 
ALL THESE FEATURES 
Concentric configuration 
Minimum size for a specified torque 
Reduction ratios up to 270:1 


Optional torque capacities for each reduction 
ratio 


Torques up to 21,850 Ib.-ft. 
Requires neither driving pulley nor coupling 


Casehardened helical gears—ground after 
hardening for perfect engagement 
Reversible 
Progressive overload capacity to the extent 
that no breakage of gears can result even 
from the severest abuse 

e *Ability to engage or disengage driving action 


—mechanically, pneumatically. hydraulically 
or electrically 


@ *Ability to provide load releasing, load limiting 
or overload alarm 


@ *Ability to provide 2-speed operation 








*Standardized accessories to provide these features are 
available for ali sizes of Roto-Mission from stock. This 
results in a single responsibility for installation 
performance 





PATENTED 





This new rotary transmission design combines a 
wide range of reduction ratios, high torque capaci- 
ties, and excellent space-saving characteristics to 
give you more application versatility than ever 
before possible. It is designed to be concentrically 
mounted on a machine drive shaft in place of 
the drive pulley and operate this shaft at a reduced 
speed from that of the driving motor. For maxi- 
mum compactness and convenience, all its parts 
are inside the casing. 

The standard accessories available for each 
model of Roto-Mission add even greater versatil- 
ity. Through them you have systems—from a 
single source—capable of control functions that 
previously required a number of unmatched units 
from several suppliers. 

Because of its versatility and sound engineering, 
Roto-Mission permits you to solve design prob- 
lems far beyond the range of other transmissions 
—may even permit incorporation of features in 
your machines that have not previously been 
possible. For complete information on this new 
product—how it operates and how it can help you 

write today for Catalog IR-60 





J 





® 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY «+ Offices in Los Angeles and Dallas 


PRODUCT ENGINEERING - NOVEMBER 14, 1960 CIRCLE 89 ON READER SERVICE CARD 


89 





immediately available: O-RINGS «+ V-RINGS «+ SCRAPER 
RINGS « GROMMETS « STATIC FACE SEALS + BACK UP 
& SPIRAL BACK UP RINGS 


N R ( Bree FLUOROCARBON DIVISION 
- PLASTIC & RUBBER 


PRODUCTS COMPANY 


PRESSURIZED AND TEMPERATURE 2100 Hyde Park Boulevard * Los Angeles 47, Cane: nia 
CONTROLLED FACILITIES ASSURE nese ee en 
PRODUCT RELIABILITY Sil tessameinamadiie: mammaaeiitaseme w. eon 


Critical Teflon* requires an environmentally controlled Please send the Parco Fluorcarbon O-Ring Date Chart to 
atmosphere to provide fail-proof performance. Parco’s 
pressurized, temperature controlled modern molding facil- 
ities assure an absolute dust-free, temperature monitored 
environment. TEFLON* e NYLON « KEL-Ft « DELRIN** 
POLYETHYLENE Standard AN and MS parts stocked and 


: MANUAL 


manual 


Speeds to 2800 RPM ; : > 


Temperatures to 250° F 
with min. 55 SSU 


dasa Kaa Ks 


Pressures to 2250 PSI 
continuous 


Flow rates to 60 GPM BERRY/ DOWTY 
GPAS Series 


SENT ! 
UPON REQUEST & 
Formulas 





¢ Designed for operation at mobile equip- MAIL FOR COMPLETE DATA : Applications 
ment engine speeds 116 E : 
« Can be direct-connected, gear driven Berry Hydraulics | |Z ngineering Data 
or belt driven Corinth 1, Miss. “ Screw Torque Data 
e Conforms to SAE standards 1 | Adapter Richins 


Name____ 
General Principles 


Company__ ; . hy : 
opr | | 16 pa/Stortevant bo. 


A DIVISION OF THE OLIVER TVRONE CORPORATION 























Be 
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continued 


engraved, lens is keyed to prevent turning 
In large quan 
tities, priced at about $1 each. Pendar Inc, 
14744 Arminta St, Van Nuys, Calif. 
Circle 330 on Reader Service Card 


ind has snap-in lens lock 


Clamp for hose... 


x other general industrial applications 
has no perforations through band to caus¢ 
scuffing of Steel 
on coined threads. Said to 
uniform clamping pressure and 
not to distort thin-wall W idk 


diameter adjustment is possible becaus 


xtrusion o1 rubber 

rew engages 
provide 
tubing 
of high-strength band. Band take-up is 
directed away from fastening side of hous 


ing to prevent interference during assem 


] 


bly Deep slotted steel screw is encased 


Available in wide range of 
toice of materials for 
ite delivery Marman Div, Aeroquip 
Corp, 11214 Exposition Blvd, Los An- 
geles 64. 

Circle 331 on Reader Service Card 


in housing 


sizes and immedi 


Photoelastic stress analysis . . . 
tool is full color, dual-purpose polariscope 
for bench and portable use in detecting 
Full color of 


viewed by instrument is 


strains in glass and plastic 
strain pattern as 
and clear. Lens dis 


said to be sensitive 


tance can be adjusted for specimens of 
any diameter. Power is provided by plug 
110 v outlet Adjustable 
arms adapt polariscope for use as station- 
Constructed of alu- 
minum and steel with baked hammertone 
grey finish. Weighs 13 Ib. Sells for $65. 
Bethlehem Apparatus Co, Hellertown, 
Penna. 

Circle 332 on Reader Service Card 


ging into any 


ary imspection unit 


Negative-working diazo paper 
can be used to produce prints from a 
negative on any diazo whiteprint machine. 
Standard weight, high wet-strength paper 
produces deep fed image color. For 
simultaneous — exposure-printing-develop- 
ment, materia] is fed into whiteprint ma- 
chine in contact with negative used as 


continued on page 92 





PRODUCT ENGINEERING - NOVEMBER 14, 1960 


How United States 
Testing Company helps 


STOP 
TROUBL 
BEFOR 
IT 
STARTS 


Spotting “bugs” in new products and 
eliminating them before marketing... 
that’s how United States Testing 
Company saves clients thousands of 
dollars and priceless good will. 

Take the case of the new movie camera 
ready for the mass market...our 

test film went through without trouble, 
until a special spliced section jammed 
the sprockets and stripped a gear. 


We examined the mechanism piece 

by piece and traced the fault to a 
structural defect in a key member. Our 
report to the client included end-use 
specifications for the defective part and 
a simple slip clutch design to prevent 
future gear failures. 


Knowing how to induce failure in 

the laboratory, and prevent trouble 

in the field, calls for trained evaluation 
engineers ...engineers who know 

sound corrective design, too. Why not 
apply this know-how to your new 
product. Write or phone for details. 

No obligation. 








Send for free bulletin 
describing our evaluation 
and R/D services 


United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 


Branch Laboratories 


BOSTON - SROWNSVILLE + DALLAS + DENVER + LOS ANGELES 
BEMPHIS - BEW YORE - PHILADELPRIA~ TULSA 
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continued 


master. Developed prints are then rinsed, 
excess water is removed by blotting and 
prints dried. Supplied in ten sheet sizes 
from 8x 104 in. to 24x 36 in. with 100 
or 250 sheets to a package. Also sup 
plied by linear yard in 24, 30, 36 and 42 
in. widths. Ozalid Div of General Aniline 
and Film Corp, 53 Corliss Lane, Johnson 
City, NY. 

Circle 333 on Reader Service Card 


Prototype circuit boards... 


} 


provide specific transistor locating holes 


and are said to eliminate a large part of 
point to point wiring, terminal boards 
or connecting hardware generally required 
with other types of prototype circuit lay 
out. Pads and circuitry are made con 
tinuous with touch of solder. Ground 
buses can be located conveniently, depend 
ing on design, and plug-in connectors can 
be used with boards. Spec-Tronics, 13901 
Saticoy St, Van Nuys, Calif. 


Circle 334 on Reader Service Card 


Continuous-action developer 
pri diazo papers and materials up 
to 42 in. wide at speeds from 4 to 72 in 


per min. Portable rotary type dry devel 
oper will also develop foils, sepias and sen 
sitized cloth. Charged by tipping up 16 
oz plastic bottle of ammonia; it tips down 
to drain. Unit weighs 50 Ib. Available 
in three models, with largest (42-in. ca 
pacity) priced at $137.50. Reproduction 
Engineering Corp, 613 Plains Rd, Essex, 
Conn. 


Circle 335 on Reader Service Card 


Compact, 44-in. whiteprinter 
for table or wall mounting has variable 
printing speed range up to 10 fpm con 
trolled by single knob with full reverse 
feature. Horizontally mounted, self-seal- 
ing chamber processes several prints. simul 
taneously. Produces prints from any trans 
lucent material, makes intermediates and 
Housed in 18-ga steel finished in 
baked-on harmonizing office colors. Mea- 
sures 64 x 94 x 584 in. Unit plugs into 
standard electrical .outlet Developing 
chamber is 4 x 4 x 554 in Shipments 
will start in December. Priced under 
$300. Copymation, 5650 N Western 
Ave, Chicago 45. 

Circle 336 on Reader Service Card 


sepias 


Magnetic Amplifiers: 
Principles and Applications 


PAUL MALI. John F Rider Publisher Inc, 116 
W 14th St, NYC. 51 x 81/2 soft cover, 112 
pp. $2.45. 


Presuming the reader has a funda 
mental knowledge of electricity, th« 
book starts with a review in the field 
of magnetism, electromagnetism, and 
Next, the book 


saturable reactor, self 


magnetic circuitry. 
discusses the 
starting and _ three-legged 


netic amplifiers, 


core-mag 
compensating an 
amplifiers, and 
Then, th 


maintenance and 


polarized magnetic 
variations of these types 
book goes into 


troubleshooting, and finally, practical 
ipplications of magnetic amplifier ci: 
cuitry, with a thorough discussion of 


each application. 


Applied Optics and Optical De- 
sign, Parts | and Il 


A E CONDRADY. Dover Publications Inc, 180 
Varick St, New York 14, Paperbound, 51/2 x 
81/2, 841 pp (including both volumes). Part |: 
$2.95; Part Il: $2.95. 


A thorough treatment of the geom 
try and mathematics of lens design 
In fact, it 
is a much more thorough treatment 
than that needed by the average d 
sign’ engineer. If you have an optical 
thoroughly 


and multiple-lens systems 


problem and are not 
familiar with the mathematics of op 
tics, you will probably solve it with 
ready-made lenses and simple optical 
formulas. In which case, these books 
won't help much. 

If, on the other hand, you want to 
become an optical expert, this is the 
place to start. Part I covers all or- 
dinary ray-tracing methods together 
with the theory of optical aberrations. 
Part II enlarges on this theme with a 
study of optical systems and special 
attention to high-power microscope 
objectives and anastigmatic photo- 
graphic objectives. Part I was orig- 
inally published early in this century; 
Part II is published here for the first 
time, being assembled and edited post- 
humously from the author’s notes by 
Rudolph Kingslake, Director of Op 
tical Design, Eastman Kodak Co 
Though the author recommends a 
background in elementary optics as a 
prerequisite, the material is not diffi- 
cult. However, one might wish that a 
competent technical editor had taken 


1 more extensive hand in the prepara 
tion, adding more sketches and dia 
crams and removing extraneous ma 
terial. Calculus and analvtical ge 
metry are used sparingly and, for the 
most part, no knoweldge of math 
matics beyond trigonometry is needed 
Learning the author's symbols and 
gn conventions is the chief stum 
bling-block to an 


the mathematics 


understanding of 


Thermoelectricity 


PAUL H EGLI. US Naval Research Laboratory, 
Washington, DC. 6 x 9, 407 pp, $10 

Most of the chapters are paper 
presented at the Conference on Ther- 
moelectricity sponsored by the Naval 
Research Laboratory in September of 
1958. The compilation, plus much 
additional information put in later 
represents the best of science now 
available for guidance in future work 
on thermoelectricity. 

Chapters are presented in four 
sections with some inevitable over 
lapping. Section I presents an in 
troduction and broad survey of funda 
mental concepts of thermoclectricity 
The second 
physics of the properties which d 


section examines the 


termine thermoelectric performanc 
The last section emphasizes high-tem 
perature problems and explores the 
relative merits of static and transient 
methods of measuring thermal con 
ductivity. A conclusion, written by 
Dr Egli, synthesizes the ideas pre 
sented in the main body of the book 
and offers valuable guides for the s¢ 
lection of materials at this early stage 
of development. 


Other Books of Interest 
Design of Steel Structures 


Boris Bresler, T Y Lin. John Wiley 
440 Park Ave South, New York 16. 
710 pp. $9.75. 

Discusses the basic principles of mechanics 
involved in the solution of problems encoun- 
tered in the structures of bridges and large 
buildings. 


Sons Inc, 
6x 9%, 


Advances in Vacuum Science and 
Technology 


2 vols. Edited by Prof Dr E Thomas. Per 
gamon Press Inc, 122 E 55 St, New York 22 
8% x 111%, vol 1, 469 pp; vol 2, 371 pp 
$30 for set 


continued on page 
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Have you ever 
attended a Lamb Electric 


MOTOR CONFERENCE? 


lf you are planning a new product that will require a Special 
Fractional Horsepower motor. . . a Lamb District Engineer will set up a 
‘Personalized Motor Conference’’, just for you. 
Result: The RIGHT MOTOR produced at the most favorable cost. 


THE LAMB ELECTRIC COMPANY « KENT, OHIO 


A Division of American Machine and Metals, Inc. 
in Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 


&. oe sci Atusaaiet MOTORS 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. « GLASER-STEERS CORP. 
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TO BUILD 


Now Use New 
NARMCO 
METLBOND 406.. 


today’s most advanced 
metal-fastening adhesive... 


CUTS FABRICATION COSTS yy 
MORE THAN 40 PER CENT! 


METLBOND 406 is a large-area, low-pressure dry adhe- 
sive material which completely eliminates screws, rivets, 
and spot-weld in the fabrication of electronic housings. 
With METLBOND 406, you can produce cabinets. ..racks 
..consoles...chassis faster and more efficiently. 
Result: Greatly reduced labor and materials costs. 


FEATURES: 

* METLBOND 406 is a one-component adhesive which 
bonds similar and dissimilar metals. 

¢ its extremely high adhesive strength virtually eliminates 
warping and panel torque. 

* itis a to use—can be cut, placed in position, 
cured with low pressure. 

* It produces clean, flush, completely sealed 
external joints—truly unitized construction. a 


Write for free literature 


/ 


NARMCO MATERIALS 


Division of Narmco Industries, Inc 
Subsidiary of Telecomputing Corporation 
600 Victoria Street, Costa Mesa, California 
Liberty 8-1144 - MAdison 6-7923 


OTHER MEMBERS OF THE TELECOMPUTING FAMILY ARE 
WHITTAKER CONTROLS WHITTAKER GYRO 
TELECOMPUTING SERVICES. INC 
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Send for official entry blank... 


fo: Copper & Brass Research Association PE 
420 Lexington Ave., New York 17, N.Y. 

Please send me entry blarik(s) for 1961 © 
Copper and Brass Achievement Award competition. 


Name— 





a 





City 


re See ewe a a 


i 

: 

8 

' 

“ ———= 

Address—— _— ee z 
r 


ANNUAL 

OF @) od ad 1 ee 1 oe 
ACHIEVEMENT 
AWARD 
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* MONROVIA AVIATION 
* DATA INSTRUMENTS * COOK GATTERIES 
ELECTRONIC COMPONENTS * VALUE ENGINEERED PRQDUCTS: ELECTRONIC 

sTeMs PHOENIX ENGINE ERINC ° Conot Me SPORTIN os 


CTANY 


-NO TOOLING CHARGE! 


Wide isilion molded slestie knobs, handle 
hand-wheels at no tooling charge! Mino: 
changes (inserts, threads, color, etc.) to suit 
requirements. Other modifications give your 
part a look of exclusive design at fraction of 
new mold cost! Write for complete illustrated 
— or see Sweet’s Product Design Cata 
log File 


DIMCO- GRAY COMPANY 
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DESIGN LITERATURE 


continued 


High-temperature Evaluation 
Procedures for Lubricants—Part 1: 
Design Development and 
Instrumentation of a 1000-F 
Oxidation Corrosion Bath and 
400-F and 700-F Viscosity Baths 

V A Laver, D C Trop. Office of Technical 


Services, US Dept of Commerce, Washington 
25, DC. 23 pp. 75¢ 


High-temperature Hydraulic Rod 
Control 

Apex 556. Aircraft Nuclear Propulsion Dept 
General Electric Co, Cincinnoti 15, Ohio. Avail 
able from Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 81/2 x 11, 91 
pp. $2.25 


Great Ideas of Modern Mathe- 
matics: Their Nature and Use 


Jagjit Singh. Dover Publications Inc, 180 Varick 
St, New York 14. 51% x 8, 312 pp. $1.55. 


Human Engineering Bibliography 
1957-1958 
PB 161125. Office of Technical Services, Dept 


of Commerce, Washington 25, DC. 8 x 1014, 
approx 300 pp. $5. 


This is the third (annual) volume of this 
bibliography and includes references to nearly 
500 journals, for the period Jan 1957-Dec 
1958. 


Current Tests for Evaluating Frac- 
ture Toughness of Sheet Metals at 
High Strength Levels 

PB 151081. DMIC Report 124. Defense 
Metals Information Center, Battelle Memorial 
Institute, Columbus 1, Ohio. Available from 


Office of Technical Services, Dept of Commerce, 
Washington 25, DC. 8V2 x 11, 66 pp. $2. 


ABSTRACTS 
FROM THE LITERATURE 


Conversion Coatings 

Phosphate coatings, chromate treat 
ments, oxide finishes, fluoride com 
plexes, oxalate films and anodized 
surfaces—all are representative of in 
dustrial surface conversion methods 
which may be selected for use on iron 
steel, zinc, cadmium, aluminum, mag 
nesium and, in recent years, on titan 
ium. This article surveys the funda- 
mental principles of surface-conversion 
reactions 
‘Chemical Conversion of Metal Surfaces for 
Improved Corrosion Resistance,” Robert F 


Ayres, Dunham Chemical Co. Metal Progress, 
Sept ‘60, Mt. Morris, Il. 


Shock Analyses 

Techniques for analyses of shock 
and vibration motions are considered. 
They are of most value to the shock 
and vibration specialist and to the 


design engineer. In discussing these 
techniques, three classes of shock and 
vibration motions are considered: 
periodic vibrations, nonperiodic vibra- 
tions of relatively long duration, and 
transients of relatively short duration. 


“Analyses of Shock and Vibration Mot'ons,” 
Dr Irwin Vigness, US Naval Research Lab 
Instrument Society of America paper 4-NY60, 
313 Sixth Ave, Pittsburgh 22 


High-speed Bearings 


At extreme speeds, bearing sclec 
tion, mountings, alignment, lubrica- 
tion and fitting practice become very 
critical, to a point where conventional 
mounting practice will no longer as- 
sure reliability and long life his 
discussion, condensed from a speech 
presented to an SAF seminar, is a 
guide to the designer to enable him 
to properly select and apply bearings 
for this type of service. 

How to Select High Speed Bearings,” by 
L. W. McKee, The Barden Corp. Design Engi 


neering, Sept ‘60, 481 University Avenue, 
Toronto 2, Canada 


CATALOGS 
AND BULLETINS 


lo obtain copies of literature described be 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 101 


PUMPS—Engineering manual FM-611, 40 
pp. Contains indexed information, charts 
and graphs on pump selection, installation 
Discusses construction 
ind operation of various pumps. Marlow 
Pumps, Div of Bell & Gossett Co, PO 
Box 200. Midland Park. NT 

Circle 350 on Reader Service Card 


and application 


POW ER-TRANSMISSION EQUIP 
MENT-—Catalog 103B, 68 pp. Cover 
specifications, ratings and performance in 
formation of power transmission equip 
ment and conveyor supplies. Rockwood 
Pulley Mfg Co Inc, 20 Crosby St, New 
York 13. 

Circle 351 on Reader Service Card 


URETHANE FOAMS-Brochure, 24 pp 
and future 
products and 


Pictorial report of present 
scope of urethane foam 
markets. Property and performance in 
formation is given for several applications 
Mobav Chemical Co, Penn Lincoln Park 
wav W, Pittsburgh 5 


Circle 352 on Reader Service Card 


INDUSTRIAL HARDWARE AND 
WIRE-ROPE FITTINGS—Catalog 60-61, 
20 pp. Ilustrates and describes assortment 
of eye bolts, connecting links, U-bolts, 
hooks, turnbuckles, thimbles, anchor 

continued on page 97 
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How Curtis helped 
a design engineer 


_ “BEAT THE HEAT” 


This single universal joint in a 
ribbon-stripping machine was op- 
erated at a 34° angle. The joint 
heated up, wear was excessive. 
(Curtis Joints have been tested at 
angles up to 37°, but we do not 
ordinarily recommend angles great- 


er than 30°.) 


Curtis engineers recommended a 
double Curtis joint, which reduced 
the angle to 17° per joint. Result: 
no overheating, improved efficien- 
cy, longer life. 

You can depend on Curtis en- 
gineering in any problem of angu- 
lar power transmission. And you 
can depend on 


CURTIS UNIVERSAL JOINTS 


because our catalog torque and 
load ratings are substantiated by 
constant tests under production 
conditions. 


14 SIZES ALWAYS IN STOCK — 
%” to 4” O.D. (6” joints on special order) 


Not sold through distributors. Write direct 
for free engineering data and price list. 


CCURTIS 


UNIVERSAL JOINT CO., INC. 
1111 Birnie Avenue, Springfield, Mass. 
As near fo you as your telephone 


CIRCLE 95 ON READER SERVICE CARD 95 





96 


eo] ge) d-loidlols 
Ui alol-lam-lahyg 


in point! 
Erie — Pacific Digital interval Timer 
Erie—Pacific utilized a TA Standard 
Case for their digital interval timer 
realizing a substantial monetary sav 
ing while obtaining maximum protec- 
tion and enhanced appearance 

| 


Be it fire, water, shock or a host of other critical require- 
ments, TA specializes in designing and fabricating 
standard case lines. We can show you how to utilize any 
one of our standard cases to house your instrument or 
product. TA’s standard cases are not only far more 
practical and more economical (about % of what you 
would normally expect to pay), but you can have them 
in 2 or 3 weeks instead of the 90 to 120 days usually 
required for custom cases. If you want to show top 
management how they can save money and incorporate 
all the features required in one handsome case, then 
write TA. For transit cases, instrument cases, combi- 
nation or storage cases—military or commercial — you 
can’t beat TA. 
SEND FOR YOUR FREE COPIES! 
For complete information on how 
TA’s “Casemanship” can be 
applied to your situation write 
today. We will be happy to send 
you two valuable 4 and 20-page 
design manuals every engineer, 
draftsman or designer should 
have as reference. 
APPROVED COMMERCIAL & MILITARY SOURCE! 
Write for the name of the 
TA representative nearest you. 
TA MANUFACTURING CORP. 
4607 Alger St., Los Angeles 39, Calif 
TWX 9863 Glendale, Calif. » WUX CAT Los Angeles, 
Calif. or phone CH 5-3748 
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The dial 
thermometer 
at its best 


DISTANT 
READING 


Something much 

finer in a dial ther- 

mometer: finer because 

it is the bourdon tube type of thermometer 
at its best...embodies the greater precision 
and lasting accuracy of the Marsh Pres- 
sure Gauge. 

Both vapor tension and gas-filled types 
are available in either distant reading or 
rigid stem types. In the broad Marsh line 
you have a complete selection of tempera- 
ture ranges, case sizes, styles, and finishes. 


Ask for the Thermometer Catalog 


MARSH INSTRUMENT COMPANY, Dept. 39, Skokie, IIl. 
Division of Colorade Oil and Gas Corporation 
Marsh \astrement & Valve Co., (Canada) Ltd. 

3367 10314 St., Edmonton, Alberta, Canade 
Houstes Branch Piast, 1121 Rothwell St. 

Sect. 15, Heuston, Texas 
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design, purchasing, production men .. . 


here’s why you’re 
right with 
MOORE 

SET SCREWS 


Design — there's a Moore Set Screw ex- 
actly right to meet your specs. On new 
developments or on hard-to-solve prob 
lems we have experienced men to sup- 
ply the answers. 


Purchasing — you can depend on us, 
without question, to meet your sched. 
ules. Your reputation is backed up by 
our reputation of 80 years of depend 
able service. 


Production — our inspection guarantees 
conformity and uniformity. Your as 
sembly lines run smoothly and quality 
control is simplified. 


Socket Head 


Moore Set Screws simplify design, purchasing, production. 
Send for detailed price catalog. 


| 20h OF 5 8 2 George W. Moore, Inc. 


since 1880 
SET SCREWS 92 Beaver St., Waltham 54, Mass. 
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DESIGN LITERATURE s.es. Continued 


shackles, door braces and wire-rope clips. 
Edward W Daniel Co, 4049 St Clair Ave, 
Cleveland 3 


Circle 353 on Reader Service Card 


HIGH-STRENGTH BRONZES-—Bulletin 


YOU CAN PUT YOU 
33f, 16 pp. Includes chemical composi 
tions, physical properties and principal THE REASO 


uses of nine wear- and corrosion-resistant, 
copper-base alloys. Ampco Metal Inc, Box 
2004, Milwaukee 1. 

Circle 354 on Reader Service Card 


OEM SIGNALING EQUIPMENT-—Bul 
letin S-100-OEM, 36 pp. Product de 
scriptions, illustrations, specifications and 
ordering information for line of OEM 
control, communication and protection 
equipment. Edwards Co Inc, Norwalk, 
Conn 

Circle 355 on Reader Service Card 


| Why “MARK-TIME’’ 
COBALT ALLOYS—Selected abstracts, 
65 pp. Compilation of references from MECHANICAL TIM £ FS 


1938 to 1960 includes 85 abstracts, 14 
tables and 13 wigures Also available is 
4-page data sheet on physical and me should be INVESTIGA TED! 
chanical properties, corrosion resistance, 
thermal treatment, fabrication, available 


forms and applications of 13 alloys. Co 


nit” Cttneiie Gaites ele Seid Low cost mechanical Timers, Time Switches and Time Devices can be quite 


Memorial Institute, 505 King Ave, Co sophisticated. For example: they can be designed to ring bells, flash lights, 
lumbus 1, Ohio ; turn valves, cut cords, start, stop or operate electrical or mechanical equip- 
Circle 356 on Reader Service Card ment, and to do all this after a pre-selected time period has elapsed. 


\NECHOIC CHAMBER-Brochure, 32 The “Mark-Time” mechanical “‘memory’’ cannot fail due to an electrical 

pp. Describes simple box-type anechoi failure since it is spring powered, 

chamber, as well as transverse-baffle typ: 

aperture type and longitudinal-baffle typ: 

Covers construction, typical specifications 

and performance Emerson & Cuming 

Inc, Canton, Mass. The “HEART” of the “Mark-Time” is The “MARK-TIME” Mainspring is 

Circle 357 on Reader Service Card of a new super-tough alloy which pro- Unbreakable! 

longs mainspring life indefinitely. 

HIGH-TEMPERATURE TUBING This new special steel virtually 

STEELS—Folder T-467, 6 pp. Contains eliminates mainspring failure. This rosive resistance is unexcelled. No 
adds extra sales features to your other Timer on the market has the 

product at no extra cost. exclusive features. 


Tensile strength, durability and cor 


information on tensile properties, thermal 
conductivity and expansion, creep strength 
oxidation resistance and other properties 
of 15 tubing steels used in high-tempera 
ture service. Babcock & Wilcox Co, 
Tubular Products Div, Beaver Falls, At present, we manufacture more Write for your copy of this new 
Penna. than 3,000 DIFFERENT kinds of Engineering Handbook on 
Circle 358 on Reader Service Card custom-built timers for industrial, Timers, specifically written and 
consumer and military applications. illustrated for the Design and 
SELF-LOCKING NUTS—Folder 2339, Thus, we are the largest manufac- Development Engineer, 
6 pp. Updated review of specifications turer of mechanical timers in the 
and size range of self-locking standard world! 
nuts and clinch nuts. Covers tensile Research and development work 
strengths, reusability factors and torque welcome—small runs our specialty. 
uniformity and generalized application Sales engineers in 27 key cities 
information. Standard Pressed Steel Co, at your service, 
Box 545, Jenkintown, Penna. 
Circle 359 on Reader Service Card 


|MARK-TIMEJ 
JOINTLESS ELASTOMERIC SEAL— -/ 4 M. H. RHODES, inc. 


Form 423, 12 pp. Discusses application of 
seal for direct O-ring substitution. Seals, 


continued on page 99 
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15655 BROOKPARK ROAD 





EXTR HIGH PRESSURE 
FINE METERING 
HIGH PRESSURE 
NEEDLE VALVE 


10,000 psi hydraulic service. Forged 
stainless steel one-piece body. Panel 
mounting. Good flow characteristics, 
fine metering, easy to turn. Water, 
gas, oil and vacuum service, 14" to 
l4" pipe or straight thread tube con- 
nections. 


MICROMETER ADJUSTMENT 
NEEDLE VALVE 

Best for extra fine metering. Mi- 
crometer adjustment, precision taper 
stem. 5000 psi service -65° to 350°F., 
oil, water, etc. Brass, aluminum al- 
loy, steel, or stainless steel body. 
1g” and \%” sizes. Premolded or 
O-ring packing. Panel mounting. 


5000 psi 
THROTTLE-FLO VALVE 


Accurate throttling up to 5000 
psi. Finger tip control. Pilot 
operation of large dynamically 
balanced piston. Full flow, yet 
accurate to 1/100 gpm through 
entire range. Positive seal. Low 
pressure drop. Aluminum alloy, 

, %", 1” internal straight 
thread connections. Hydraulic 
seals others available. 


HYDRAULIC BLEEDERS 


Primarily used for bleeding air from 
hydraulic systems, for working pres 
sures to 3000 psi at temperatures 
from -65° to 180°F. 


Fluid control valves of many types have been developed 
and are manufactured by REPUBLIC. A wide line of 
quality standard valves includes needle, globe, check, 
plug, selector and relief valves, as well as other units 
for industrial, chemical, aircraft, missile and ground 
handling equipment. 

Specialists in valving and manifold design to meet 
your specific application. Write for catalog. 


Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 


CLEVELAND 35, OHIC 
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% CAVINGS 


with 


conract SP 


PINS “ 
=e BRUT Tas 
oa ) 
also PRINTED CIRCUIT 
es MINIATURE PARTS 
TERMINALS Contact pins, terminals, jacks or 
any small tubular parts. Maximum 


4" diameter x 1%" length. 
Send sketch for quotations. 





BEAD CHAIN DRIVES 


Low-speed positive drives or motion transfer 
... ot far less cost! 


FRICTION 
CONTACTS 


Gale 


a; es Send for Multi-Swage or 


Bead Chain Drive Catalogs! 


‘THE BREAD CHAIN MFG. CO. 


Mountain Grove St., Bridgeport 5, Conn. 
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General Purpose Hinge 
Creates Flush Surfaces 


These hinges are completely 

hidden from view when door, 

lid or hood is closed. Makes 

possible flush, absolutely 

smooth surfaces that greatly 

enhance appearance and safety. 

Tapered body sections are pre- 

cision castings of a special zinc 

base alloy having a tensile 

strength of 47,000 pounds per 

square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 
Hinges are reversible and may be used right or left hand. 
Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-14 
P.O. Box 38, Harper Station, Detroit 13, Mich. 
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DESIGN LITERATURE continued 


which use same groove as O-ring, are 
recommended for most static and some 
dynamic applications. Contains tables of 


available sizes for both uses Goshen 
Rubber Co Inc, Goshen, Ind 
Circle 360 on Reader Service Card 


LOCK WASHERS—Booklet, 8 pp De 
scribes features of lockwashers in varied 
ipplications. With schematic drawings, 
charts and photos. Shakeproof Div of 
Illinois Tool Works, St Charles Rd, Elgin, 
Ill 

Circle 361 on Reader Service Card 


rUBULAR LAMINATED _ FIBER- 
GLASS COMPONENTS — Reference 
handbook, about 12 pp. Shows current 
technical limits, advantages, terminologies, 
production characteristics and specification 
outlines for tubular laminated fiberglass 
components. Pacific Laminates Inc, R & D 
Div, 1919 Placentia Ave, Costa Mesa, 
Calif 

Circle 362 on Reader Service Card 


THERMAL SYSTEMS Specification 
sheet S-690-la, 12 pp Information on 
sizes, lengths and materials for bulbs and 
tubings of gas, mercury and vapor-actuated 
thermal systems. Minneapolis-Honeywell 
Regulator Co, Industrial Div, Wayne and 
Windrim Aves, Philadelphia 44 

Circle 363 on Reader Service Card 


SUPPLEMENTARY LIGHTING 
EQUIPMENT-—Catalog LM223A, 6 pp 
Presents features, applications and me 
hanical and electrical specifications of 
fluorescent fixtures for supplementary 
lighting. Stocker & Yale Inc, 44 Green 
St, Marblehead, Mass. 

Circle 364 on Reader Service Card 


SEAMLESS WELDING FITTINGS & 
FLANGES—Brochure FB-502A, 8 pp 
Covers standard sizes and schedules of 
seamless welding fittings and flanges in 
arbon, alloy and stainless steels Also 


continued on page 10 


The drawings, Ed—where are the drawing 
| asked you to bring over?” 
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LONG LIFE; THOMSON **Snap-In’’ 
r— | — 

Yy\ ay | 
Le bal 
—BEARINGS of smooth, tough DuPont NYLON 
































ri 

a 

Low Cost Low Cost Low Cost 
ANGED Ny LEEVE Nyliner DOUBLE-FLANGE Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
& ELIMINATE LUBRICATION 


Additional Benefits: 


© CLOSE FIT © LOW FRICTION @ INSTANTLY REPLACEABLE 
@ LONGER LIFE © RESIST POUNDOUT ® RESIST ABRASION 

e EASILY INSTALLED © NO FRICTION OXIDATION © MINIMUM SPACE 

© LESS SERVICING ® DAMP VIBRATION @ SILENT OPERATION 

© SELF-RETAINING © OPERATE IN LIQUIDS © LIGHTEST WEIGHT 

® RESIST CORROSION’ © NON-CONTAMINATING © REDUCED WEAR 


Engineered to Solve Problems .. . Improve Products... 
Reduce Costs! 


NER E r } ré highly engineered thin liner of DuPont Nylon, designed 


nefits. of Nylon as.a bearing material by solv 


f the nitat surr iding its use. The compensation gap prin 
fA netral tolerances for precision applications 
i Types ’ ble from stock. Write for literature and name of 

e who stocks NYLINER Bearings for immediate shipment 


on THOMSON INDUSTRIES, Inc. 
AN \S DEPT. 11. MANHASSET, NEW YORK 


iS * : 
Alsc Manufacturers of BALL BUSHINGS the Ball Be aring for Linear 


Motions and 60 CAS Hardened & Ground Steel Shaftin ] 





VERS{O}LINE 
PRE-VALUE ANALYZED 


Hartford's Vers-O-Line is constantly expand- 
ing to meet the demand of value analysts 
for one economical unit to replace several 
more costly integral parts. Instead of speci- 
fying more costly precision bearings explore 
the possibilities of Vers-O-Line. Hartford en- 
gineers can help your design engineers by 
recommending or adapting a bearing from a 
wide variety available in stock or can im- 
agineer a new design to meet your product 
specification that can be produced to effect 
substantial savings. Types of Hartford bear- 
ings in Vers-O-Line include: 


RADIAL. 
RADIAL. 
RADIAL. 
THRUST 

VERSA-TWIN.. 


. M-Series 
. Conrad Loaded 


. Full Complement 


Twin Row 


TYPICAL EXAMPLE 


Before —Six separate parts, expensive bearings and 
costly to assemble. 


After—One complete economical assembly, reduced 
parts, maximum stability. 


Gen en tencuivehv ain ans tsb den ne eeemen mnanciben t 


. 
| 
| 
i 
| 
| 
| 
L 


Write for comprehensive technical literature containing 
case history applications and helpful bearing ideas. 


Specify _ 


ford 


PRECISION BALLS @ BEARINGS 


HARTFORD STEEL BALL CO. 


42 Jefferson Avenue, West Hartford, Conn. 
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HIGH FREQUENCY INDUCTION 


HEATING EQUIPMENT 


Hardening * Annealing * Soldering 


for 
y, Brazing * Zone Refining * Crystal Growing 


ELECTRONIC TUBE GENERATORS: 
1 kw; 242 kw; 5 kw; 10 kw 
20 kw; 30 kw; 50 kw 


} ) 
y, /)y 75 kw: 100 kw 
Jj) » SPARK GAP CONVERTERS: 


2 kw; 4 kw; 7'2 kw; 
15 kw; 30 kw 
~~ 

WRITE FOR THE NEW LEPEL 

CATALOG 36 illustrated pages 

of valuable information 


’ HIGH FREQUENCY 
Lepe » LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77, WN. Y. 
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RADIO CABINET ... HI-Fl ESCUTCHEON 
. . « precision-molded by SINKO 


Of high-temp Styrene, the above exemplify the quality inherent i 
Sinko Moldings. It's no wonder therefore that some of the country’s 
leading makers of Radio, TV, HI-Fi, Refrigerators, and other appliances 
look to us for accurately molded and finished Plastic Parts and Products 

economically produced 
Call on us when you need Plastic Moldings! 


WE MOLD ALL THERMOPLASTICS .. . from 2 to 175 oz. 


MANUFACTURING and TOO0L CO 


Offices in Principal Cities Throughout the United States 
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DESIGN LITERATURE. Continued 


contains dimensional tolerances, illustra 
tions of most commonly produced fittings 
and flanges and chart of sizes and types 
available. Tubular Products Div, Babcock 
& Wilcox Co, Beaver Falls, Penna. 
Circle 365 on Reader Service Card 


MAGNETIC AND ELECTRONIC 
PRODUCTS-—Bulletin PI-BO1, 12 pp. 
Product index covers 31 classes of mag 
netic and electronic equipment. Presents 
descriptions and illustrations. Acme Elec 
tric Corp, Cuba, NY. 

Circle 366 on Reader Service Card 


HIGH-TEMPERATURE SERVOMO- 
TOR—Data sheet 5004-09, 2 pp. Elec 
trical performance information, mechanical 
and physical characteristics, dimensional 
drawing, torque curves and schematic of 
shorter, size 8 precision servomotor for 
continuous duty use to 257 F. John 
Oster Mfg Co, Avionic Div, Racine, Wis 

Circle 367 on Reader Service Card 


MACHINE MOUNT-—Bulletin 60-05.1, 
2 pp. Product description, dimensional 
drawings, performance and application 
information for pneumatic mount for use 
under supporting points of high-precision 
machine tools. Barry Wright Corp, 700 
Pleasant St, Watertown 72, Mass 
Circle 368 on Reader Service Card 


PNEUMATIC TEMPERATURE CON- 
rROL—Bulletin 151-1, 2 pp. Covers 
operation, standard ranges, tube sizes and 
performance of differential expansion 
type pneumatic temperature control 
Burling Instrument Co, 16 River Rd, 
Chatham, NJ 

Circle 369 on Reader Service Card 


METAL SPINNING—Bulletin F960, 4 
pp. Describes how heavy, tough metals 
can be spun by new metal processing 
method Phoenix Products Co, Metal 
Spinning Div, 4715 N 27th St, Milwaukee 
9 


Circle 370 on Reader Service Card 


TEFLON-LINED ROD ENDS, SPHER- 
ICAL BEARINGS—Bulletin, 6 pp. Covers 
dimensions, load ratings and features of 
rod ends and spherical bearings lined with 
Teflon. Heim Co, Dept PE, Fairfield, 
Conn 


Circle 371 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


SEMICONDUCTORS-Short-form cata 
log, 24 pp. Covers over 800 semiconductor 
devices, including information on ratings, 
characteristics and specifications. Also 
lists JEDEC rectifier types, with cross- 


continued on page 108 
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THERMOSTATIC. GIMETAL 


ACTUATES ANOTHER PRECISION PRODUCT... 


AMBIENT 
COMPENSATED ~ 


OVERLOAD RELAY Ayden 


we ~w 








A PRODUCT OF 
ARROW HART & HEGEMAN ELECTRIC COMPANY 
HARTFORD 6, CONNECTICUT 


Here’s reliable and accurate protection regardless of heat or cold! 
Arrow-Hart has introduced the first compact overload relay that 
compensates for both heat and cold, operating on the same time 
curve at all temperatures from —20°F to 165°F. Compensation 
is completely automatic and is made possible by the exclusive 
Arrow-Hart “Balancing Bimetal.” 

As ambient temperatures go up or down, the compensating 
bimetal operates through the coupling bar to move the working 
bimetal in order to mairtain its distance from the trip arm. Thus, 
tripping time remains the same, regardless of temperature. 

The unit is smaller than any of today’s comparable units, it uses 
standard heaters and is available with all A-H Starters. It is 
ideal for use either indoors or out, wherever wide changes in 
ambient temperatures occur. No field adjustment is necessary. 
Both the working and compensating bimetal strips are made of 
Chace Thermostatic Bimetal. The manufacturer calls his product 
dependable, reliable and accurate; he is perfectly sure Chace 
Thermostatic Bimetal will operate as specified. We at Chace 
specialize in meeting specifications. Producing precision bimetal 
has been our only operation for more than a third of a century. 
That’s why Chace Thermostatic Bimetal is specified by large and 
small buyers everywhere. 

SEND NOW FOR OUR NEW “INFORMATION BOOKLET!” It contains 
many well illustrated pages of valuable design data and examples 
of successful applications of bimetal. More than 30 types of Chace 
Thermostatic Bimetal are available in coils, strips and completely 
fabricated elements of your design. 


W. M. CHACE CO. 
Thermostakic Bimetal 


1607 BEARD AVE., DETROIT 9, MICH. 
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Wty, 
ENCAPSULATED 
TRANSFORMER 
COMPONENTS A 








Do you need transformer components that must 
withstand high temperatures, low temperatures, ‘ - 

excessive humidity or other environmental con- eowong aaa pote — by a 
neapone and still age in field oe as well 6 hard-surfacing alloy. Left: A Saleh ~ pnt 
as under optimum /aboratory conditions: with long-wearing Colmonoy alloy stem surface. 


Then send your specs to Acme Electric and get 
the kind of cooperation you’ve always wished for 
—a complete study and analysis of your design, 


recommendations based upon the latest state of Colmonoy Spraywelder 


the art and suggestions for improvements and/or 


economies that will be of value to you. ry @ 
a Builds Longer Life 


T-40902 


Primary (1-2) 115 volts, 60 cycles . 4 © 
see ats aa , into Aircratt Vaive 
71.5-0-71.5¥V RMS @ 77ma DC ( o- 


F.W.C.T. Capacitor Input 


MIL-T-27A : — : 
Grade 5 To overcome corrosive pitting and abrasion of 


eS . cd t aircraft engine valve stems, more than one manu- 
f facturer has chosen Colmonoy No. 6 alloy to pro- 

vide a long wearing stem surface. Colmonoy No. 6 

stops the pitting and excessive wear which necessi- 

tates frequent engine overhauls. The Colmonoy 

Spraywelder is used to apply the powdered alloy. 

1-34671 It works fast and makes smooth, controlled-depth 


VA: 705, ight: 4% Ib ° . > * . 
165°C rise, 125°C ambient overlays that finish up in minimum time. 


12 KV test at 30,000 feet 





Besides being an ideal method of applying a hard 
surface to finished machined parts, the Spraywelder 
employs the finest of hard-surfacing materials: Col- 
monoy nickel-base alloys. There are now five Colmonoy 
alloys available as Sprayweld* Powders. 





T-36126 g sg Call a Colmonoy sales engineer to get an appraisal 
50°C rise, 250°C ombiem of your wear problems and information on just 
12 KV test at 30,000 feet how Colmonoy alloys and methods might solve 
ee them. Colmonoy alloys (nickel-, cobalt-, and iron- 
base) are also applied in many other ways: as 
welding rod, electrodes, 
paste, and as castings. 

Learn more about this re- 


ACME ELECTRIC CORPORATION markable group of alloys. 


6811 Water St. Cuba, N. Y. 





» 
Ask for the Spraywelder Catalog and 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. Colmonoy Hard-Surfacing Manual No. 79. “Registered trade-mark 


SAA 3420/1874 


y with. ee ee 6d |.:W WALL COLMONOY 
Aemeaiti=Fleetric & CORPORATION 

| & BRAZING ALLOVS 19345 JOHN R STREET + DETROIT 3, MICHIGAN 

; . ‘! ” . : 0 * - E R 5 Buffalo + Chicago + Houston + Los Angeles + Morrisville » New York « Pittsburgh « Montreal « London, England 
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DESIGN LITERATURE continued 


reference to device classification, rating 
and page number. International Rectifier 
Corp, 1521 E Grand Ave, El] Segundo, 
Calif 


PNEUMATIC AND HYDRAULIC 
EQUIPMENT—Catalog, 24 pp. Product 
information, specifications, schematics, 
price lists and discount schedules for linc 
of cylinders, drill units and valves. Alkon 
Products Corp, 200 Central Ave, Haw 
thorne, NJ 





FOR MORE CATALOGS 
AND BULLETINS 


1600 of ‘em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head 
ings, from important manufacturers 
and suppliers of components, mate 
rials, power and control systems, 
manufacturing processes 











Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy frec 
quantity pr’. cs on request 

The following special reports are avail 
able as long as the supply lasts, from 
Reader Service Dept., Product Engineer 
ing, 330 W 42nd St, New York 36. Pleas« 
enclose remittance with order; we pay 


postage 


R48—Reinforced Plastic Parts 
Combined reprints of 11 articles giving 
design data on the seven processes for 


commercial parts, 64 pp $2 


R69—Human Engineering 
Series of 14 articles with design data on 
man-machine problems, plus bibliography, 


44 pp $1.54 


R76—Creativity 
Combined reprint of 10 articles on the 


facts behind the fad. 32 pp $1.00 


R66—The European Engineer Talks 

The challenge to American proficiency in 
design for production disclosed by inter 
views with technical directors in six coun 
tries, 24 pp $1 


R16—Plate Cam Design 

Series of 7 articles with complete design 
data; curve blending and profile synthesis 
to reduce inertia, 48 pp $1 


continued on page 105 
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Gask-O-Seals meet, or exceed grade A MIL-8484 specifications 
for hermetic sealing, yet they are mechanical. That means you can 
seal a vacuum and still achieve full serviceability — easy access for 
repair, maintenance, re-setting, etc. You can seal components, “black 
boxes,” instruments, even complete systems — and re-seal them with 
the same seal! 

The seal shown below illustrates the versatility of Gask-O-Seal 
one piece seal actually doing the job of ten! Think of the freedom of 
design such a seal offers. Can they be put to use for your products, too? 





The chart at right is an actual 
reproduction of a test which reveals 
a leak rate of less than 1 cc/air/ 
inch/year—exceeding top hermetic 
requirements. 

For more information about 
Gask-O-Seals send for catalog 

















ait Sasa 
(EAK RATE OF B38.) WA 


Cask O Seal 


Tr) (Cubic centimeters Air inch Yea 
ST 


1 














<A 


\\ \\ 
Parker SEAL COMPANY 
Cu 


lver City, California and Cleveland, Ohio 


A DIVISION OF PARKER-HANNIFIN CORPORATION 


Parker also makes seals for wave guide flanges that prevent R/F leakage and provide 
a positive no-leakage seal; a self sealing flush-head rivet called Riv-O-Seal, and many 
other specialized seals as well as o-rings and back-up rings. Your inquiry is invited 


™ a at 








New Meyercord Technical Bulletins) 


answer vital questions about 


— PRODUCT IDENTIFICATION 


“gy 
The abrasion and solvent-resist- 
ant transfer for single or multi- 
color, open-letter designs! 
Write For This 
Up-to-the-Minute Information 
Chances are even —that your product's 
marking problem, be it trademark or func- 
tional instruction, can be solved by one of 
these Meyercord Nameplate Transfers. 
Technological changes in materials and 
finishes, higher standards for marking re- 
quirements—in terms of abrasion, immer- 
sion and weathering—require that 50% of 





mereecore DECAL «i» 
TYPE "3" ~ 7 ALL-WEATHER MARINE! 





Type ug ype Gogee 
The toughest Decal 
known for solid-color- 
background designs! 


The outdoor, all-weather transfer 
for either open-letter, or solid- 
color-background design. 


today’s transfer nameplates use one or more 
of the three Meyercord markings ... Type 
“C”, Type “G”, or Type “J”! 

Your request will bring these three new 
technical bulletins promptly. The trained 
Meyercord sales representative in your area 
will assist you in the selection of the proper 
type of Mey ercord Decal Transfers to meet 
your requirements. Ask for [] Type “C” 
(J Type “G”, ( Type “J”—or all three. 


CLIP AND ATTACH TO LETTERHEAD—PLEASE 


the MEYERCORD co. peor. v-318, 5323 W Lake Street, Chicago 44, tilinois 


Air or 
Hydraulic 
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MAXIMUM 
WORKING FORCE 
IN MINIMUM 


WORKING SPACE 


milwaukee 
CYLINDERS 


@ Quality Construction 
Throvug 

@ Guaranteed Top 
Performance 


@ No Costly Down 
Time 


@ Precision Designed — 
Heavy Duty Service 


@ Conforms to JIC Specifications 


Get all the facts and see how Mil 
waukee Cylinders can save space 
Save on original 


and weight... 
cost and save on maintenance 
Write today for 


Free Bulletins A-100 and H-100. 


Standard Models 
Hydraulic Bore 
Size 12 to 12” 
Air Bore Size 1/2 to 14’ 
Specials built 
fo your specifications 








Alumina Ceramics 
Replace Expensive 
Metals for 
Vital Pump Parts 


The destructive twins—corro- 
sion and abrasion—have led pump 
designers to use Coors High 
Strength Alumina Ceramics for 
the vital parts of pumps, such as 
plungers, cylinder liners, seal 
faces in mechanical shaft seals, 
shaft protection sleeves, and ball 
check valves. 

Perhaps your abrasive and 
corrosive problems can be solved 
economically with Coors Ceramics 
We shall be glad to help you— just 
write us at Golden or contact one 
of our regional sales managers. 

REGIONAL SALES MANAGERS 
West Coast William S. Smith, Jr 
Redwood City, Calif 

John E. Marozeck 
FR 2-7100— Chicago, Ill. 
.WOnald Dobbins 
GL 4-9638 — Canton, Ohio 
John J. McManus 
MA 17-3996 — Brooklyn, N. Y. 
Warren G. aA 

FR 4-0663 — Schenectady, N. Y 
Kenneth R. Lundy 
DA 7- 3716 Dallas, Texas 


.William H. Ramsey 
UN 4-6369— Houston, Texas 


COORS PORCELAIN 
COMPANY 


EM 6-8129- 
Midwest 


Central 

East Coast 
New England 
Southwest 


Oil Field Industry 


MILWAUKEE CYLINDER co. 


Division of L. & M. Machine Company 
5755 SO. PENNSYLVANIA AVE., CUDAHY, WIS. 


600 Ninth $*.. Gelden, Colorado 


104 CIRCLE 104 ON READER SERVICE CARD CIRCLE 217 ON READER SERVICE CARD 





VELLUMOID 
| VELLUMOID’S 


GROWING LIST 
OF 
GASKET MATERIALS Ig 


++ IN TREATED FIBRE 
Vellumoid, 444 Fibre, 
Vellutex, Velcovex 


... IN BEATER—ApD 
WG-1, WG-5, WG-25, 
Velbestos 250 (asbestos) 


A 

hs .. IN COMPRESSED ASBESTOS 

i «= Velbestos 170-1, 170-5. 
7 =—-:130-B, 140-B, 170-48 


- IN BUNA-N AND 
THIOKOL COATED 
GASKETS AND 
GASKET MATERIALS 
Bucar, Tycar, 
Coated Vellumoid 


- IN OTHER NON-METALLIC 
MATERIALS 





WRITE TODAY! 


THE 
VELLUMOID COMPANY 
tA DSI 
w. R. GRACE & CO. 


WORCESTER 6, MASSACHUSETTS 
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continued 


REPRINTS 


R65—Reading, Writing, Reporting 
Combined reprint of: 5 steps to faster 


reading; 8 steps to better writing; 7 steps 
to better reporting, 24 pp $1 


R46—Manual of Reliability 

How to design for reliability, human fac 
tors, statistical tolls; implementing the 
program, 32 pp. 50¢ 


R41—Design by Digital Computers 
How to choose and operate desk-siz« prob 
lem solvers 50c 


R22—Engineering Organization 
Study of 50 companies shows changes in 
large and small companies, 24 pp 25¢ 


R21—Engineer’s Bookshelf 
Annotated bibliography of technical books 
for the design engineer, 24 pp 


R75—Radiant Cooling 


Design techniques and new data 


R74—Right-angle Gears 
Guide to 16 available types 


R73—Digital Readouts 
How they work; how to choos¢ 


R72—Spring Tolerances 
When standard tolerances won't do 


R71—How to Design Nomographs 
Simple step-by-step guide 


R70—Gasket Materials 
Four-step selection procedure 


R68—Encapsulating Systems 
Comparison of basic systems 


R67—Heat Protectors for Motors 
Response and accuracy of all types 


R64—Bonded Solid Lubricants 
Data on new high heat types 


R62—High-speed Photography 
How: it can solve design problems 


R61—Angular Errors in Gearing 
Equations predict seven effects 


R60—Journal Bearing Design 


New Equations and design charts 


R58—How to Avoid Hose Failure 


For metal hose; all known causes 


R56—Buckling of Coil Springs 
How to predict 


R54—Solid Aluminum Bearings 
Materials and design guide 


R53—Significance of WK” 
Selecting Motors for high inertia loads. 25¢ 


R51—Solder Fluxes 
Selection guide covering all types 





THOUELU 
Sequencing 
Controls 


AiResearch’s design and manufac- 
turing capability covers many types 
of automatic sequencing controls 
such as those for missile ground 
checkout, controlling drone and 
missile flight profiles, and auto- 
matic elevation and leveling of 
radar antennas and missiles. 
Above is an AiResearch sequence 
controller for cabin temperature of 
a jet airliner. It assimilates 25 sen- 
sor element inputs and supplies 
command signals to 18 amplifier 
channels. Consisting of servo- 
operated potentiometer cards, cam 
switch programmer and other 
electromechanical components, it is 
another example of AiResearch’s 
over-all ability to design and pro- 
duce intricate and complicated 
servo systems. 
*’ The most experienced company 
in the development and production 
of control systems for airborne 
and ground use, AiResearch is an 
industry leader in electromechani- 
cal systems and components of all 
types for aircraft, ground handling, 
ordnance and missile systems. 


OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 


AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators + 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers + 
Radar Positioners * Power Supplies - 
Williamsgrip Connectors 


Your inquiries are invited. 


| AiResearch Manufacturing Division 


Los Angeles 45, California 
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FLEXIBLE SHAFTING 
REDUCES GEARING 


Flexible Shafting reduces the noisy and cum- 
brous gearing used in conjunction with solid 
shafts. It has the ability to transfer power 
from remote places, over, under, and around 
obstacles found in the path of installation 
between the drive and the driven units 
Flexible Shafting requires very few parts, 
making them inexpensive; whereas solid 
shofts using universal joints, miter gears, and 
gear trains, many times would not be feas 
ible because of their noisiness or lack of 
economy. With a Flexible Shaft assembly, 
design may be simplified and your engi 
neering time spent on other necessory com 
ponent parts without having to worry that 
they will create obstacles when placed where 
you want them. 


Flexible Shafting cuts down on vibration thus 
offering long life with every little maintenance 
required. For complete Flexible Shaft infor- 
mation, write F. W. Stewart Corporation, 
4311 Ravenswood Ave., Chicago 13, Illinois 
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MULTIROLL FILES 


TRACINGS 
PRINTS * SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 


30%” 36%" 42%" 





11%” 22%" 


4936 4942 
$14.80 


49 Tube | 49AB 49CD 4930 
1%" 1.D.| $7.50 $9.50 $12.80 $13.80 
[ MODEL a vy ee 

25 Tube | 25A8 25CD 2530 2536 2542 


2%" 1.p.| $700 $9.00 $11.80 $12.80 $13.80 


Shipping Weight 
Model 49 8 Ibs. 12 Ibs. 15 Ibs. 18 Ibs. 20 Ibs 
Model 25 6 Ibs. 10 ibs. 13 Ibs. 15 Ibs. 17 Ibs 
ENAMELED DARK GREEN OR MED. GRAY - State Color 








Designed to 
Mount Under 
Boord—Mount- 
ing Brackets 
Sold in Sets Only— Furnished. 
2 IR36 Per Set Gray Only Bibs. sew 


* SOLD DIRECT ONLY Write to Dept. BP 
F.0.8. St. Clair Shores, Mich. « PRescott 3-2515 
P.O. BOX 3863 & 


ROLL & FILE SYSTEMS, INC. Ceraniy s snes, 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








classified below 


obtained by using 


Adhesives 


94 
Aluminum Alloys 41, 48-49 


Balls , 100 
Bearings 
Ball ‘ 54, 99, 100 
Miniature 54 
Oilless 
Sleeve 
Bellows 
Bi- Metal 
Brass 
Bronze 
Bushings 


3rd ‘Cover 
3rd Cover 


Castings 42, 48-49, 
Ceramics 
Chains 

Bead 

Conveyor 
Cold Headed Parts 
Controllers 
Controls 

Electrical 

Hydraulic 

Pneumatic 
Copper & Copper Alloys 
Couplings. 

Mechanical 
Cylinders 

Hydraulic 

Pneumatic 


Decalcomanias 

Drafting 
Machines 
Supplies 

Drives 
Mechanical 
Right-Angle 
Variable Speed 


Enclosures 
Engineering Services (see also Pro- 
duction Services) 14, 34-35, 54, 


Extrusions 
Metallic 41, 48-49, 52, 


Fastening Methods 40, 86, 98 
Fibre 105 
Fiexible Shafts 106 
Forgings 48-49 


Gaskets 


103, 105 
Gears 85 


Handles & Knobs 
Hard Surfacing 
Heat Exchangers 
Heating Units 
Hydraulic Fluids 


Instruments 
Electrical 


Joints 
Universal 95 


MORE DBTAILED INFORMATION about 
the READER SERVICE CARD 


L 


Lubricating Equipment 


M 

Moldings 

Plastics (see Plastic Parts). .37, 94, 100 

Rubber (see Rubber Parts) ay 37 
Motor Starters 51 
Motors, A-C 

Fractional . - 
Motors, D-C 

Fractional 93 


Name Plates 


°o 


Overload Relays 


P 


Packings 105 
Photographic Equipment 
Film , oh 47 
Piastic Parts .2, 37, 90, 94, 100 
Plastics ‘ 
Plastics Fabricated 
Production Services (see also Engi- 
neering Services) 14, 34-35, 54, 
Pumps 
Liquid 27, 


Relays 

Reproduction Equipment 
Reproduction Supplies 5, 28 
Roll 22-23 
Rubber 96 
Rubber Parts 37 


38-39 
5, 28 


Screws 
Seals 
Sheet Fabricated 
Sheets 
Metal 
Plastic 
Silicone Rubber 
Spacers : ‘ Sl aha 
Speciality Fasteners (Pipe Hangers, 
Special Cold Headed Parts, etc.) 


103 

18-19 

10, 18-19 
oes 2 


Springs 
Steel 
Alloy 
Coated 
Stainless 
Strip, Metallic 
Studs 
Switches 


Thermometers 

Timers 

Tools 

Transformers 

Transmissions 

Tubing 
Seamless 


Valves 
Air 96, 98 
Hydraulic staeos 96, 
Solenoid , 2nd Cover 


Washers 4th Cover 
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Have you 
stopped 
learning ? 


A British statesman, it is said, read 
Gibbons “Decline and Fall of the 
Roman Empire” while waiting for 
his wife to dress for dinner. 

Once a man feels the urgency to 
learn, it’s remarkable how he finds 
the time and place to do it. 

If he had to spend countless 
hours seeking out that which would 
be most useful in his work, the go- 
ing might be rough. But, happily, 
this herculean task has already 
been accomplished by McGraw-Hill 
specialized magazines that span al- 
most every field and function. 

Your very own publication, for 
instance, that you are reading right 
now. Read it inquisitively. Read it 
imaginatively. Pass it along to your 
fellows, tell them how much they 
can get out of it, too... 

Men who read more...earn more! 





























EMPLOY MENT 
OPPORTUNITIES 


























WANTED: 


CREATIVE 
DESIGN ENGINEERS 


(M.£.’s, E.E.’s, etc.) 
Managerial and staff positions avail- 
able for individuals combining experi- 
ence, training or motivation in indus- 
trial design (imaginative, inventive, 
artistic approach to function, form, cost, 
marketability) plus product R&D engi- 
neering. Send resumes in strict con- 
fidence to 
THEODORE S$. JONES & CO. 

ists in Designer Placement) 


( 
Box 41 Milton 87, Mass. Tel. OX-6-3221 
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Inquire SS-5580, Product Engineering. 


PRODUCT ENGINEERING - NOVEMBER 14, 1960 


INDEX TO 
ADVERTISERS 


This index ia published as a 


Acme Electric Corp , -- 102 
Airborne Accessories Corp.. 89 
AiResearch Mfg. Div., Garrett Corp. 105 
Allegheny Ludium Steel Corp ‘ 7 
Aluminum Co. of America 48-49 
Anaconda Metal Hose Co 52 


Bead Chain Mfg. Co., inc 98 
Bellows-Vaivair Divs., International 
Basic Economy Ccrp 
Berry Hydraulics Div., 
orp. 
Borg-Warner Corp. 
Bound Brook Oil-Less Bearing Co. 
3rd Cover 


Oliver Vonene 


Carr Fastener Co., Div. of United- 
Carr Seg ng Corp.. 

Chace Co., M. 

Chatilion & a John 

Cincinnati Gear Co 

Clare & Co., C. P.. 

Coors Porcelain Co. 

a & Brass Research Associa- 

n 
Curtis Universal Joint Co., inc 


Dimco-Gray Co. 

Dietzgen Co., Eugene 

Dodge Mfg. Corp 

Eastman Kodak Co., Recordak-Corp., 
Subs. ... 


Fairbanks, Morse & Co., 
draulic Div. .. 

Falk Corp. ... ‘ 

Fulton Syiphon Div., 
Fulton Controls Co 


Pump & Hy- 
Robertshaw- 


Great Lakes Stee! Div., National Stee! 
Corp. dant 44 
Hannifin Co., Parker-Hannifin Corp. 103 
Hartford Steel Bali Co.. 100 
Howell Instruments, Inc 26 


illinois Tool Works, Shakeproof Div. 
4th Cover 

Inland Steel Co — ae 
Jones & Sebo Stee! Sop. Stain- 
less & Str Div veges 


— Aluminum & Chemical Sales, 
Keuffel & Esser Co 


Lamb Electric Co 
—_ High vray Laboratories, 
10 


In 
Link- Beit Co. 


Marsh Instrument Co., 
rado Oil & Gas Corp 
Meyercord Co. . 
Milwaukee Cylinder Co., 
M. Machine Co 
Monsanto Chemical Co., 
Chemicals Div. . : 
Moore, Inc., George W 


Div. of Colo- 


Div. of L. & 


Organic 


Narmeco Industries, Inc., Subs., 
computing Corp wie ¢ 
New Hampshire ‘Bali ‘Bearings, Inc.. 


Parker —¥ Co., Div., 
fin Cor 

Plastic Wg “Rubber Products Co., 
Fiuorocarbon Div. 

Post Co., Frederick 


Tele- 


Parker -Hanni- 


Raybestos-Manhattan, iInc., Packing 
Iv ‘ 
Republic Mfg. 
Republic Steel Corp. 
Rhodes, [nc., M. H. 
Rockwell-Standard Corp., 
sion & Axle Div... - : 
Rockwell-Standard Corp., Universal 
Joint Div. , 14 
Roll & Fite Systems, inc. ... 106 
Ross Operating Vaive Co. 2nd Cover 
a Burdsall & Ward Bolt & Nut 
°. 


Transmis- 


Sinko Mfg. . Tool Co 

Soss Mfg. 

South Chester Corp., Southco Div 
Square D Co 


convenience to the readers Beery care 


PRODUCT ENGINEERING assumes no responsibilities for errors or 


Stewart Corp., F. W 
Stoner Rubber Co., Inc 
Sturtevant Co., P. A 


T A Mfg. Corp 

Thiokol Chemical Corp 
Thomson Industries, inc 
Tomkins-Johnson Co. 


United-States Steei Corp 
U. S. Testing Co., Inc 


Vellunoid Co. 
Vulcan Electric Co 32 


Wall Colmonoy Corp. 102 
Waukesha Foundry Co 42 





LLOYD R. LAWRENCE advertising sales man 
ager 

P. F. PRITCHARD manager, 
ment 

THOMAS R. COASH circulation 

RUSSELL T. DOUGLAS business manager 


market develop 


ADVERTISING SALES STAFF 


ATLANTA 9... Ray K. Burnet, 1375 Peach 
tree St, N.E., Trinity 5-0523 

BOSTON 16 M. A. Williamson, Jr., 
McGraw-Hill Bidg, Copley Square, Congress 
2-1160 

CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley, L 
Anderson, 520 N Michigan Ave, Mohawk 
4-5800 

CLEVELAND 13 A. F. Tischer, 1164 
IMuminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1. John Grant, 901 Vaughn Bidg 
1712 Commerce St, Riverside 7-5117 

DENVER 2 John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26 P. B. Robinson, 856 Penobscot 
Bidg, Woodward 2-1793 

HOUSTON 25 Gene Holland, W-724 
Prudential Bldg, Jackson 6-1281 

LOS ANGELES 17. Robert Obenour, 1125 
West 6th St, Huntley 2-5450 

NEW YORK 36 B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 John B. Lewis, H. M 
Nicholson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22 Cc. F. Leveroni, 
way Center, Express 1-1314 

PORTLAND 4, ORE Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST LOUIS 8 R. W. Bruley, 3615 Olive 
St, Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 4 W. C. Woolston, 
68 Post St, Douglas 2-4600 


4 Gate 


SUBASC RIPTIONS Send subscriptic rrespx de 
and change of idre t 

PRODUCT. ENG JINFERING st. Ne 
York 36, NY ubscribers should noti ty. “Fu 1ifillment 
Manager P comp - any ch of address includ 
ing postal zone n 

ar address label fre 

uh ie 


sher, Wallace F 
.? ohn sy stenen on 
oseph H ic 
Advertising Sale s vousien 
oordinator. OFFICERS OF ar 
President; Joseph A 
Waddell Exe cutive 
Vice President an 


and Directo wv of 
1 





CI ASSIFIED ADVERTISING 
|. Eberle, Business M 


cUPLOYEie OPPORTI NITTES 





YOUR OWN MEN CAN BUILD THIS PRECISION MACHINE FOR 
CUTTING COSTS IN DRILLING METALS, PLASTICS AND WOOD 


As shown in the photo above and “keyed” in the drawing, 
this shop-built drilling machine consists essentially of 
two low-cost, air-operated Bellows-Locke Model 22A 
Drill Units (A), a Bellows Electroaire® operating control 
valve (B), two Bellows Hydro-Checks® which provide 
smooth precision operation (C) and a Bellows Lubri-Air® 
Control Unit which cleans, regulates and lubricates the 
mand supply (D). Not visible is the foot-operated control 
pedal. 


697C-3 


108 CIRCLE 108 ON READER SERVICE CARD 


With only minor modifications, this basic SPOT-A- 
MATION IDEA has been used in many different plants. 
The unit shown here, in the plant of Kay Machine & 
Tool Products Co., Cleveland, Ohio, for example, is 
used to drill holes for cotter pins in aircraft bolts. The 
list of benefits belies its simplicity and low cost: pro- 
duction per man-hour is 66% better . . . tool life is 
greatly increased . . . rejects virtually eliminated .. . 
and only a minimum of physical effort is required for 
what formerly was a very fatiguing operation 

The machine is built around two compact interlocked 
Bellows-Locke Model 22A Drill Units air operated 
hydraulically controlled mounted horizontally in op- 
posed positions. Automatic feeding, positioning and 
ejection could be incorporated easily by the addition 
of other Bellows “Controlled-Air-Power” Devices. This 
SPOT-A-MATION IDEA can be readily adapted to per- 
form a wide range of other operations, such as punch- 
ing, forming, riveting, crimping, etc., by using such 
other Bellows work units as The Bellows Air Motor® 
in place of the Drill units 

This machine is typical of the ways cost-conscious men 
the world over are using Bellows “Controlled-Air-Power” 
Devices to secure faster, better, lower-cost production 
Opportunities exist in your plant, too. Why not in- 
vestigate — today! 


THIS “SPOT-A-MATION 
IDEA”’ FILE IS 


YOURS ON 
REQUEST 


Contains installation data, wiring diagrams and equipment lists 
for the “Spot-A-Mation” idea sketched above, as well as for 
scores of similar ideas you can use. Write Dept. PE-1160, Bellows- 
Valvair, Akron 9, Ohio. 


Bellows -\/alvair 


AKRON 9, OHIO 
DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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Specialization in bearings enables us to apply to your bearing 


problems an unmatched engineering talent and experience 


in powder metallurgy. You benefit, too, from outstanding 
manufacturing facilities, including the world’s largest inven- 
tory of dies. Whatever your need, when it’s bearings, see the 


bearing specialists...see Bound Brook. 


BOUND BROOK 


Bound Brook Ojil-less Bearing Co., Bound Brook, N, J. 
Pioneer in Powder Metallurgy Bearings and Parts. 
id Br and Sturgis, Mich 





How SHAKEPROOF Protects Your Product's Reputation 


Here is the answer to one of industry's toughest Shakeproof Lock Washers retained 100% relative locking 
problems... how to reduce costly inspection re- efficiency. 

jects and avoid customer complaints due to fas- Be sure to protect your product's performance and reputa- 
tening failure. tion with the one top-quality, top-per- 

formance lock washer... Specify 
SHAKEPROOF...the origina/ toothed 

lock washer! 


Shakeproof engineers have gathered formidable evidence 
that only one washer locks... where others fail! Their find- 
ings, just published in the booklet offered at the right, prove 
that “weight and thickness don't lock a fastener, and that Send for this Free Booklet Today—it 
“spring action” alone isn't locking action. 


is filled with factual test data and actual 

They have conducted tests with various types of washers’ case histories which show how you can 
commonly used for protection against failure caused by be sure of quality at every step in the 
handling and operational vibration. Results show that only assembly of your product. 


o BS 


/ SHAKEPROOF 


/ ‘THE WASHER 
THAT LOCKS 
WHERE OTHERS 
FAIL! 


STANDARD SHAKEPROOF LOCK WASHERS INCLUDE: 
+0 me. , AX 
,'. - She 


{ S y, zi 
byt “ane / ay, Re 


External Internal Heavy Duty Countersunk External-Internal Pyramidal Dome Type Dished Type 
Type Type Internal Type Type Type Type Toothed or Plain Periphery Toothed or Plain Periphery 


hal SHAK Ee PROG i “Sastentng Headquarters —_ 


DIVISION OF ILLINOIS TOOL WORKS St. Charles Road, Elgin, Illinois 


In Canada: SHAKEPROOF FASTEX Division of Canada liilinois Tools Limited, 67 Scarsdale Road, Don Millis, Ontaric 
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